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«* PREFACE. 

rt The author was led to make the investi- 

q gations contained in this little treatise by 

a desire to satisfy his own mind as to the 
relative advantages of several different 
methods which have been employed in 
the construction of Skew Arches. 

The two important points of compari- 
son that naturally suggest themselves to 

. the investigator are : 

jK 1st. Relative security j 

^V> 2d. Relative facility of construction. 

^ A discussion and comparison of three 

modes of construction, with special refer. 

J* ence to these points, will be found in the 

i following pages, together with brief de- 

J^ scriptions of the manner of making the 

necessary draughts, patterns, templets, 
etc. 

v The paper first appeared in Van Nos- 

y trand's Engineering Magazine, for 

* which it was written. 

? E. W. Hyde. 
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PREFACE 



TO SECOND EDITION. 
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As the demand for this little treatise 
had exhausted the first edition, a new one 
was plainly suggested. 

Although strictly technical in its char- 
acter, and belonging to the less frequented 
field of practical engineering, it manifestly 
supplied a want. 

The present issue, except for a few typo- 
graphical corrections is a literal reprint, of 
the first edition. 

G. W. P. 
Jan. 1900. 



SKEW ARCHES. 



I PROPOSE in this paper to (!i*cuss to 
some extent three methods which have 
been employed in the construction of 
oblique or skew arches, and to make a 
comparison of their relative security, 
facility of construction, etc. 

The three methods will be designa 
ted as, 

1st. The Helicoidal method. 

2d. The Logarithmic method. 

3d. The " Corne de Vache " or Cow's- 
horn method. 

The first two names are derived from 
the nature of the coursing and heading, 
joint surfaces and their intersections with 
the soffit, and the third from the soffit 
itself, which is a warped surface that has 
been thus named. They will be consid- 
ered in the order given above. 



The following abbreviations will be 
used throughout the paper : 

C j c, for coursing joint curve, or inter- 
section of coursing joint with soffit. 

H j c, for heading joint curve. 

C j s, for coursing joint surface. 

H j s, for heading joint surface. 

H P, for the horizontal plane of pro- 
jection. 

V P, for the vertical plane of projec- 
tion. 

P F, for the plane of the face of the 
arch. 

Ex. s, for the extradosal or outer sur- 
face of the arch. 

THE HELICOIDAL METHOD. 

In this method the C j s's and H j s's 
are both warped helicoids, and of course 
their intersections with the soffit helices. 

Let C D D a C a be the projection of the 

soffit on the H P which coincides with the 

springing plane of the arch, and D' V C t 

is a semicircle whose radius will be desig- 
nated by r. 



The Ex. s will be taken as a concentric 
cylinder projected in A B B, H a and B' 
V A a and its radius will be designated 
by r v 

To construct the C and H j c's we will 
first develop the soffit. Lay off O x T = n 
= 3,1416 r ; the points of the curve D E F 
Ci may be found by the principles of de- 
scriptive geometry or by means of the 
equation of the curve, which we shall ob- 
tain. The latter method is much more 
accurate for construction upon a large 
scale. 
Let h = D' D 2 , and a — angle C D a D'= 

2r 

obliquity of the arch; .*. tang. a= — • 

Also 6 = variable angle s Q D'. The 
origin will be taken first at V We 
have from the figure 

Oi ft = x = r 6. 

.*. ih + y r (1 — cos 6) 1 — cos 9 

h "~ 2r = 2 

1 — cos 6 = — ~— s 

h 
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and cos u= — -p 

h 



••• e = «*-{-%) 



whence x =r cos 



Solving for y we have 



-./_ ?y 



(-?)• 



(1) ^ = — g" C05 y , 

which is the equation of DEPC, with 
the origin at O,. If the origin be moved 
to 9 the equation becomes 

( 2 ) V — ~2 sin — . 

From either of these equations the 
values of y for given values of x may be 
easily obtained by the aid of a table of 
natural sines and cosines. 

Having constructed the curve DEFC„ 
join D and C, by a straight line. This 
will be the development of a H j c. At 
O a draw O a S perpendicular to D G v O, 
S is the development of £ of a spire of the 



helix which forms the C j e's, and corre- 
sponds to the curve OPE. 

The angle TO i S=TC 1 O i = tang.— 1 nr 

( 3 ) n*r* 

/. TS= 2 T tang TO % S = -gy =1 ttV tan a 

Now divide DEFC, into a convenient 
odd number of equal parts, so arranging 
it as to cause one of the C j c's as § D 9 
to pass through D 2 . The developments 
of the C j c's are of course drawn parallel 
to O a S through the points of division of 
the curve D E Y Ci. If it were not con- 
venient to divide DEFCi in such a man- 
ner that a line through D, parallel to O ft S 
would • exactly pass through one of the 
points of division, the direction of the 
C j c's might be slightly changed, or the 
divisions between D, 6 and C a d might 
be made very slightly larger or smaller, as 
the case required, then the divisions from 
D to d and from C s to 6'. The latter 
method seems preferable, since it pre- 
serves the perpendicularity between the 
C and H j c's, and the difference in the 1 
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size of the voussoirs would be so small as 
not to be noticeable. 

All the courses below d and d x run out 
into the abutment, and the impost must 
be cut in steps, as shown in the figure, 
into which the voussoirs will fit. 

AGHB, is the development of the ex- 
tradbs, and the right line x y that of a 
helix in which one of the H 3 s's inter- 
sects the Ex. s. 4 R t is the develop- 
ment of the curve OL E n in which a 
C j s intersects the Ex. s. 

Tan x y O s = . 

7ir{ 

Tan 0, 0< B =JEA = l^jL^JEI} = 

r n r 7t r . 
— ? = - — tan a. 

r\ h 2ri 

The C 3 s's are generated by a right 
line moving on the axis O Q as one di- 
rectrix, the helix OPRas a second, and 
remaining always perpendicular to the 
former. Hence the V P is a plane direc- 
tor of the surface. 
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The details of the construction of a 
skew arch by this method are fully devel- 
oped in "A Practical and Theoretical 
Essay on Oblique Bridges," by John 
Watson Buck, M. Inst. C. E. He, how- 
ever, makes the C and H j s's hyperbolic 
paraboloids instead of helicoids, as fol- 
lows : The corners of the voussoirs are 
normals to the soffit at the intersection of 
the H and C j c's, and hence are elements 
of the warped helicoids, which sJwuld 
form the H and C j s's. The points 
where two of the normals on the same 
side of the voussoir pierce the soffit are 
joined by a right line, and this line is 
moved on the normals as directrices in 
such a manner as to pass over equal dis- 
tances, measured on the normals in equal 
times, by which operation a hyperbolic 
paraboloid is generated. The accompa- 
nying figure is an exaggerated represen- 
tation of the effect of cutting the stones 
in this manner. ABCD andEFGH 
are the developed introdosal surfaces of 
two voussoirs in successive courses. If 
the courses were not required to break 
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joints, the stones would fit perfectly, but 
as this is necessary to the stability of the 
arch, that portion of a stone which is too 




full will come opposite to the portion of 
the one in the next course which is likewise 
too f ull t and similarly the hollow portion 
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of one opposite to the hollow portion of 
the next. 

The truth of these statements will 
appear as follows: The hyperbolic 
paraboloid evidently cannot coincide with 
the helicoid, as they are surfaces con- 
structed according to a different law. 
The normals to the two adjacent corners 
of a voussoir are elements of both surfaces. 
The normal midway between these two 
is also an element common to the 
two surfaces. Hence it is evident 
from the mode of their generation 
that the two surfaces intersect each 
other along each of these three lines. 
A section of the surfaces by a plane 
perpendicular to the middle normal 
would give something like the accompa- 
nying figure, - ^ _ ^- the straight 

line being the intersection with the hyper- 
bolic paraboloid and the curve that with 
the helicoid. 

However, if the voussoirs are small 
compared with the whole arch, as in Fig. 
l f the difference between the paraboloidal 
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and helicoidal w»rf aoes in the length of 
one voussoir will be exceedingly small, 
and the stones will fit with sufficient ex- 
actness for practical purposes. Never- 
theless, the tendency is to cause the pres- 
sure to be unequally distributed, concen- 
trating it at K, K„ K a and at A, C, E and ' 
G. The difficulty of cutting the warped 
faces of the voussoirs is considerably 
diminished by this approximate method. 

An investigation will now be made of 
the security of an arch constructed ac- 
cording to the helicoidal method. , 

In order that there may be no tendency 
in the successive courses to slide upon 
each other, it is evident that each C j s 
must be at every point normal to the 
direction of the pressure at that point. 
We shall consider first the direction of 
pressure as regards its parallelism to a cer- 
tain vertical plane, without reference to 
the angle it may make at any point with 
the H P. This vertical plane is the place 
of the face of the arch. It is probable 
that the direction of pressure varies some- 
what with reference to this plane in differ- 
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enfc portions of the arch; especially if the 
crown settles to any extent after removal 
of the centre. Still it must be approxi- 
mately parallel to the P F, otherwise the 
portions near B and A„ would be un- 
supported and would consequently fall. 
For the purposes of the investigation 
then the direction of pressure will be 
assumed to be in a plane parallel to the 
P F, and from the results obtained we 
shall be able to see without difficulty 
the effect upon the security of the arch 
which would be produced if the direction 
of pressure were not parallel to the P F. 
Proceeding then on this assumption,- a 
line drawn on the C 3 s of any voussoir 
and lying in a plane perpendicular to the 
P F and to the H P ought to be horizon- 
tal, but as this line would be the intersec- 
tion of a warped helicoid by a plane not 
containing an element of the surface, it 
must be a curve, and can only be hori- 
zontal at a maximum or a minimum 
point, at infinity, or at some singular point. 
The intersection of the C j s of a voussoir 
by a horizontal plane should give a line 



16 



perpendicular to the P F, but this line 
would be also a curve, and could have the 
required direction only at one or more 
points. It becomes necessary then to dis- 
cover the nature of these curves and the 
direction of their tangents at the point of 
piercing the soffit. 

In Pig. 1 (Frontispiece) the curves Q 
P' 4 a, Q P' s b, etc., are the vertical projec- 
tions of the curves cut by the vertical 
planes, P 4 <2, P 3 &, etc., from the helicoid 
whose directrices are the axis O Q and the 
helix OPE. The curve Q P'c has a maxi- 
mum point at P P' where it pierces the 
soffit ; all those above it have a maxi- 
mum point outside the soffit, and those 
below it have one inside the same. 

The curves O P 4 r, O P 8 q, etc., are cut 
by horizontal planes through the points 
P 4 P' 4 P 8 ', etc. The curve through P is 
not drawn, but if it were it would be tan- 
gent at P to the line P h. 

It is plain from inspection of these curves 
that the courses below P P' have a tenden- 
cy to slide upon each other in a direction 
from A, towards A, which increases as the 
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abutment is approached. In Fig. 1 this 
point P P' is on the tenth course from the 
abutment, and there are three coursing 
joints which would have a tendency to 
slide throughout their whole length with 
nothing to resist it except friction be- 
tween the surfaces. The partial courses 
would be prevented from sliding by the 
steps cut in the impost. Above P P' the 
tendency to slide would be in the oppo- 
site direction, but would be so small as 
not to affect seriously the stability of the 
arch. This will be evident from inspec- 
tion of the curves OP,j) and O P 2 o. 

We will now investigate these curves 
analytically and determine the position 
of the point P P. 

The distance T S, Fig. 1, is i the 
height of one spire of the helix OPE, and 

fromeq. (S)TS=—X 1 -= Z i n% r tan a > 

Call the height of one spire of the helix 
h l7 then 

h = fLJL-L = 7t 9 r tan a. 
1 h 
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Let O be the origin of eotfrds, the axis of 
the cylinder, O Q, the axis of z y O T the 
axis of #, and the axis of y a vertical line 
through O. Then we shall have for the 
helix OPR, 

0-IL 
^___f . 

2 n ~~ h,' 

whence 6 = ^.4- — 

h, 2' 

Also 
a=r cos 6=r cori A — I— — r sin 

or substituting for /«, its value 
(4) x = — r sin — . 

which is the equation of O P E, the pro- 
jection on X Z of one of the C j c's. 
The vertical projection, or the projection 
on X Y of this helix is 

(3) x° + if = r\ 

To obtain the equation of the C j s, we 
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must find the equations of an element, 
and then eliminate the constant which 
fixes its position. Let one equation of 
the element be 

(6) z = z x . 

To find the equation in terms of x and 
y } substitute in the equation 

y — v\ = y\ — y* 

X ~~~ JC\ 'X\ "^~ " X* 

of a line through two points the proper 
values of x\ 9 x i7 y\ and y^ We have since 
all the elements cut the axis of 0, 

x\ = and y\ = 0. 

Substituting from (6) in (4) 



x % = — r sin 



• h z\ 



and substituting this value of x % in (5), 

4t — \r 2 — r 2 sin 2 — \ •=. r ^ 1 1 — sin 2 — I 
*! — \J nr 2 \ . . nr* 

hz\ 



= r cos 



7tr 2 ' 
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r cos — i 
V _ EH _ _ M t h *\ 



— cot 



X . hz\ nr* 

r sin — - 

71 r l 

or making z\ general by dropping the 
subscript, 

(7) y = —xcct-JL 

which is the equation of a C j s. 

Now, intersect this surface by a vertical 
plane perpendicular to the P F 7 whose 
equation is 

(8) z = ^ (<n — *), 

in which a\ is the intercept on X. 

(9) ..., = -.«*(*&=*>) 

which is the equation of the curves 
QP'c, etc. 

In equation (9) if 

x = o, y = o; 

(2 n — 1) 7T 2 r 



if # = ai — 
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(2n — l)7t _ ft 

y z= —x COt ± ^-^ — l>, 

n being an integer 5 

, £ n n* r 

if x = ai — , 

y = — x cot n 7t = 

w as before being an integer. Hence the 
curve has an infinite number of branches. 
It is to be noticed that equation (9) does not 
contain h, the only constants being -it, 04 
and r, hence the form of the curves Q P* e 7 
Q P/ d, etc., is entirely independent of 
the obliquity (f the arch. We will next 
differentiate equation (9) for a maximum. 

^ = _ C0S (2^=f)\ 8« . 

dx \ n r f nr sin 1 



/ 2 {fli — x) \ 
\ n r ) 



Let ?>L=5) = « 
7T r 



d JL = -cotu -^ 

dx it r sin* u 



(10) .-. a J- = —cotu _ o;/m2 



For a maximum 

2'x 



cotu = 



71 r sin* u 



\i-lj ."• Xymam " 
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7t r sin u cos u 



2 

By solving equation (11) the values of 
x for which y is a maximum or minimum 
can be obtained. It is only capable, how- 
ever, of an approximate solution, but if 
we obtain the x co-ordinate of the inter- 
section of the locus of equation (9) with 
the circle 

• (12) «/• + • = r, 1 , 

in which r tt may have any value, and place 
this value of x equal to that in equation 
(11), we shall obtain the value of x 7m ^ T 
when the maximum point is at the inter- 
section of the two curves. 

.\ substituting from (9) in (12) 

x ? + x i co ^ u i = r * 

x? (1 + c °t 2 u t) "= %i cosec 2 u t s= r t f . 
(13 .". x i = r % sin w<. 

.\ by (11) and (13), 

r, sin u t = — "rsinujcostdj 

•\ COS Ui = i 

itr 
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2 (*, - ** ) = ,,. _ 
n r 



= u t = cos -M— ll*\ 

\ 7tr: 

Denoting by ic ml the value of « fc for 
which y is a maximum when the locus 
of (9) is subject to the condition of having 
a maximum point at its intersection 
with se a + y 1 = r a a , and substituting the 
value of x just found in the 2d member 
of (13), we have 



«mi = r 9 stn 



(2*,-*,+^ 




=r, stn cos u * 



.(Hk.) 

\ n r / 



=r, sin sin' 1 I 1 ^ r a 



= r ^6r' r a — 4 r 



a 
a 



71 T 



(14) ■•■ * m ,=r/*' r' - 4 V 



7r r 
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Let r % = r, this being the condition 
that the maximum point shall be at the 
point where the locus of (9) pierces the 
soffit, and we have 



(15) a m i=- Var' — 4 =s r cos r. 

it 

Whence 

(16) a mI =0.77118r = r cos 39° 32' 23". 
This value of r may also be found by 

means of the curves OPjp, OP s o, etc. In- 
tersect the surface of equation (7) by the 
horizontal plane 

(17) y = b. 

h is 



b = — x cot 



7t r* 



(18) or x = — btan^^ 7 

7t T 

the equation of the curves OPj?, eto. 
Differentiating 

(19) _^_ = _ 7 EJl cos 9 — 

dx b h n r % 

If jr= ± *LfL\* (18) and (19) we hare 
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n dZ 

a? = oo, $nd — - = o y 

ax 

showing that the lines z = + -— — are 

"~ 2 h 

asymptotes of the curves. 

Intersect the circle x 2 + y 2 = r t 2 by y = b r 

•'• *i = ± Vr, 2 — 6 2 . 
Substitute this value of a: in (18) and 

± , V ,r » 2 — 6 2 = — 6 tow — I, whence' 

(20) z x = ^ tan -*( ± V^^V ) 

h V i I 

Zi is the z co-ordinate of the point in which 
the locus of (18) pierces the cylinder, con- 
centric with the soffit, whose radius is r s . 

Substitute from (20) in (19), thus 



dx< bh ) v b 



nr 2 



bh \ cos cos 



■l 1 j s 
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If r t = r, when the cylinder mentioned 
above becomes the soffit, 

(22) *?i = — —, 

dx i h 

which is the tangent of the angle between 
the tangent to the locus of (18) and the 
axis of x at the point where the locus 
pierces the soffit. If we make the con- 
dition that 

d*t _ 2 r 



(23) 



tb\ h 



that is, that the tangent at this point shall 
be perpendicular to the P F, we have 
from (22) and (2:*) 

nb x _ 2 r 
"h ~h~ 

(24) .-. 6, =— =0.63662 r=rsm 39° 32' 23" 

7t 

which agrees with equation (16). 

It is thus apparent that in an arch con- 
structed by this method the portions be- 
low PP' or beyond the line rjy on the 
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development, should be omitted; i. e., the 
arch should be always segmental with a 
span not exceeding 

2 r cos t = 2 r cos 39° 32' 23" = 1.54236r, 

provided that there is to be no tendency 
in the successive courses to slide on one 
another. The amount of this tendency 
to slide and its relation to the obliquity 
of the arch will next be investigated. 

Let us obtain an expression for the 
angle <2 P 4 M between the tangent line to 
O P 4 r at P 4 and the line P 4 <2 perpen- 
dicular to the P F. Let (?P 4 /^=^ then, 
equation (22), 

a, , — 1 2 r . — 1 n b 
(j f = tan — — tan 

h h 

(25) t . — 1 2 r . -1 n b\ 

.* ai I ta n — tan — — ) = 

.-. tan 6' =^ h ] t I 

2 r n b 

~h h = h(2r—7tb) 

If h -■ Oj tan 6' = o, .\ 6' = o. 
If h = oo tan 0'. = o, .-. 6' = o. 
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8 f must be equal to when tan 0' = d 
because it can never equal, much less ex-' 
ceed 90° ; for if it can equal 90°, then we ; 
must have from (25) - 

h 2 + 27rbr=.0 



.". h = V_2 nbr 



j 



i. e., h must be imaginary. It follows* 
that there must be some value of h for 
which tan 6' and therefore 0', is a maxi- 
mum. By placing the first differential 
co-officient of the function with reference- 
to h=o, we find this value to be 

(26). h = V2 nbr. 

By this equation h =2 r cot a = 1.0445/, 

01 max Ql max 

when b = r sin 1C° .*. a = 62° 25' for 

01 max 

this value of b. 

Now the tendency to slide at any point, 
as P 4 P 4 ', depends upon the angle be- 
tween the normal to the C j s at that 
point and the direction of the pressure. 
This last we have assumed to be in a 
plane parallel to the P F. We will now 
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assume for the purposes of the investiga- 
tion that it coincides at the point P 4 P/ 
with the direction of the tangent at that 
point to the ellipse cut from the soffit by 
a plane through the point parallel to the 
P F. Letp, = tangent of angle between 
ground line and tangent line to curve 
Q P 4 ' a at the point P 4 ' ; then the tangent 
of the angle between the tan line to this 
curve in space at the point P 4 P 4 ' and 
the H P will be = p l cos a. 

Let p 9 = tangent of angle between a 
vertical line and the tangent line to the 
circle D' V C, at the point P 4 ' = angle 
P/ Q C 9 , then the tangent of the angle 
between a vertical and the tangent 
line at P 4 P 4 ' to the section of the soffit 
parallel to the P F will be = p 9 
cosec a. 

Now to find the angle between the 
normal at P 4 P 4 ' to the C j s, and the tan- 
gent to the section parallel to the P F, 
we have given two sides and the includ- 
ed angle of a sperical triangle, the in- 
cluded angle being 6'. 

Let N = angle between normal to 
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C j s, at P 4 P/ and vertical = angle b* 




tween tangent plane to C j s at P 4 P/ an 
H P, then we find the value of tan N tc 
be tan N = p l cos a cosec 6'. 

(27) .-■ mN = ^os_acosec_&_ 



(28) cos N = 



Vl -j-Pi 2 cos 2 a cosec t 1 
1 



\A +i?i 2 cos 2 oc cosec 2 l 
aad if t e = tanr 1 (p 2 cosec a), we have 



(29) 



(30) 



inL = P2Cosec_<x_ 



sin 



cos t e = - 



V^l + p% cosec 2 a 
1 

V 1 +jp 2 2 cosec 2 <*. 
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By spherical trigonometry 
' (31) cos $ = cos N cos t e + sin N 
sin t e cos & ; whence, by substituion 



•> 



(32) cos = 

1 + Pi P* cot a cot Q 1 

V (1 + p 2 cos 2 a cosec 2 6') (1 + p 9 2 cosec 2 a) 

Multiplying numerator and denominator 
by sin a sin 6', this becomes 

(33) 
,* sin a sin 6' +», P% cos a cos 6 f 

COS 4> = ^ ±'^± r % 

Vsin 2 6' +p 2 cos 2 at) ( p % 2 -4- sin 2 a 

If in this equation a = a^&lton -by equa- 
tion" (25), since h = 2 r cot a, 6' = o, and 

hence cos <P = ^^? = 1, .\ <P = o. 

If a =• 90° — i. e., the obUquity = — by 
(25) 6 = 0, and hence cos * = £ inde- 
terminate. The reason for this is, that 
the tangent lines to the curves <2 P 4 » 
QP 4 'a, and OP 4 r»P' 4 7r by which we have 
fixed the position of the tangent plane 
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coincide when a = 90°. The value to- 
wards which cos $ approaches, however, 
is unity, as a approaches 90°, for from 
the relations between the quantities it is 
evident that when 6' = 0, N must equal 
t e} and hence by equation (31), 
cos $ = cos 2 t e -\-sin 2 t e = 1 j .\ # = o* 

It follows, therefore, that there must 
be some value of a for which cos ^ is a 
minimum, and therefore $ a maximum, 
for any given values of p x andjp,. Ow- 
ing to the complexity of the expression 
for cos #, this value would be very diffi- 
cult to obtain by differentiation j but it 
can be determined approximately by 
calculating a series of values of cos # for 
different values of a. This has been 
done, with the following results : 

The point for which the calculations 
are made is P 4 P 4 ', for which 

x = — r cos 10°, y = o = r sin 10°, z = 

4 f r * p % = tern 10°, and^ = 0.47011 = 
*/ ft 

tan 25° 10' 43", the value of pi being 
found by equation (10). 



I 
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Prom this table it appears that # is a 
maximum when a has some value not far 
from 20°. 

If the point considered be P P' for 
which x = rcosr = r cos 39° 32' 23", and 

y=zb = r sin 39° 32' 23", 
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•we have 6' = o and p, = o x .*. in equa- 
tion (33) cos $ = £, and from the same 
considerations as when a = 90°, we find 

cos $ = 1, whence & = o, 

without reference to what the value of 
a may be. 

If, as is very probably the case, the 
direction of pressure is not exactly par- 
allel to the P P, but inclines somewhat 
towards the plane of the right section of 
the soffit, the effect will be to increase 
the tendency to slide on the C j s's. 
Near the springing plane, however, the 
direction of pressure in a vertical plane 
will not be exactly parallel to the tan- 
gent to the oblique section, but will 
make a less angle with the H P, which 
will tend, especially when the obliquity 
is considerable, to counteract the previ- 
ously mentioned effect. This refers to 
portions of the arch below P P' for which 
y = r sin 39° 32' 23" ; above this, the 
tendency to sliding being in the opposite 
direction ; if the line of pressure incline 
toward the plane of right section, it will 
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decrease this tendency, and then add to 
the stability of the arch. It is evident 
from inspection of the table of values 
of $ that a full centred arch should not 
be built by this method unless with a 
small obliquity, and then it would need 
to be thoroughly supported by the 
spandrels. 

These results differ entirely from those 
obtained in Chap. VII. of Buck's treatise 
on oblique arches already referred to ; in 
fact, are in direct opposition to them. He 
derives a formula for the value r de- 
pendent upon the obliquity of tlie arch, so 
that t decreases with a, or as the obli- 
quity increases, and infers therefrom that 
the safety of the arch increases as it be- 
comes more obligue up to about 25°. I 
should state that his r has a slightly dif- 
ferent signification from mine. He under- 
takes to find the point at which the curves 
Q P'c, Q P'd, etc., cut the intrados and 
extrados at the same height above the H 
P, and calls the angle included between 
a radius drawn to this point of the intra- 
dos and the H P the angle r. It will be 
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evident from inspection of the drawing* 
that this would give to r a somewhat 
greater value than I have obtained, but 
still independent of a, since the only con- 
stants in equation (9) are a\ n, and r. 

The following table taken from his 
book gives the values of r obtained by 
Buck from his formula for certain values 
of a , from which he derives his inferences 
with reference to the security of oblique 
arches. 

TABLE FROM BUCK'S ESSAY ON OBLIQUE BRIDGES. 

When a = 65°, then r = 27° 17' 
" a = 55°, " r = 25° 13' 
" a = 45°, " r = 21° 47' 
" a = 35°, " r = 15° 38' j 

" a = 25°40' " r = 0° 0' 

Immediately under this table he re- 
marks, " It will be observed that the last 
angle is given 25° 40', at which the point 
r descends to the level of the axis of the 
cylinder, and the whole semicircle is safe.* 7 * 
By looking at the table of values of 4> it 



* The italics are mine. 
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will be seen that, for this value of ar, $ 
will be about 32° or 33° at 10° above the 
springing plane, r of course being 39° 32' 
23" instead of o, and hence the arch will 
be anything but safe if a complete semi- 
cylinder. 

One incorrect assumption made by Buck 
in his derivation of the formula for the 
value of r is as follows. He says : "It 
may be shown that the tangent of the 
angle which the tangent to the intradosal 
spiral makes with the horizon diminishes 
as cos r. ,? He does not show it, how- 
ever. 
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Call the above mentioned angle tf? r and 
the angle between the tangent to the 
helix at any point and axis of the cylinder 
j3, then the true relation is 

sin tf) = sin /3 cos r 

sin fi cos x 

tan tb = —j- — — -— _ 

VI — sirr p cos 9 r. 

In the figure suppose A P to be the 
horizontal projection of an element d s of 
the helix coinciding with the tangent line 
D E. A' P' is its vertical projection j and 
Ai Pi its revolved position about a hori- 
zontal line in a vertical plane through P. 
The angle A x P 2 C! = $, and the angle 
CA'P' = r. 

.'. ds sin tp = Ai Ci = A' C = A' P' cos r ; 

but A' P' = ds sin /3 ; 

sin ip = sin ft cos r. 

At the springing plane the tangent to 
the elliptical section parallel to the P F 
becomes vertical, and the value of # is 

(34) tan $ = — = - cot a. 

n r n 



At the crown it is 

(35) tan $ = tan 6' = j 2 ~ *> <*>' " 

The following is a table similar to table 
I, giving the values of 4* at the crown 
and springing plane, derived from equa- 
tions (34) and (35). 

TABLE II. 

At the Crown. "££$££*' 

When a = 60° — M = 9° 50' m = 18° 20' 

u 



it 



or = 50°— # c ,-=ll°53'# 8p =28° 7' 
or = 40° — <2> c , = 12°49' # 8p = 37° 11' 
or = 30°— # c ,= 9°16'# gp =47°48' 



# c = # c ' is a maximum by equation (26) 
when a = 38° 35', for which value of a we 
find C = 12° 50'. 

At the angle a = 25° 40' — the last one 
given in the table extracted from Buck's 
work — the line which he finds to be hori- 
zontal makes an angle with the HP of a 
little more than 29° 51', that being the 
angle between the tangent to the locus of 
equation (9) at the point R» C f and the- 
HP. 
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It will be noticed that the negative sign 
of # c in Table II. comes from the fact that 
in equation (35) zr is greater than 2. It in- 
dicates that the tendency to sliding is 
in the opposite direction from what it 
is below r. 

LOGARITHMIC METHOD. 

In this method the soffit is cylindrical, 
as in the last, and the case considered 
will be that in which the right section is 
circular. 

The heading joints are planes parallel 
to the P F, which, therefore, cut the soffit 
in ellipses, which are the h j c's. The 
c j c's are drawn on the soffit in such a 
manner as to cut each h j c at right 
angles. 

Now the angle between any two lines 
•of the soffit remains unchanged after the 
development ; hence, the developed c j c's 
must cut the developed h j c's at right 
angles. Also, if two lines be perpendicu- 
lar to each other, their projections on a 
plane parallel to one of them will be per- 
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pendicular j hence, if the arch be projected 
upon a plane parallel to the P P, the 
vertical projections of the c j c's will cut 
the ellipses which are the vertical projec- 
tions of the h j c's at right angles. These 
principles will be used in obtaining the 
equations of the curves. 

Let A B B, A, „ B' V A, be the pro- 
jections of the Ex. IS., and C D D, C, }) 
D' V C, those of the soffit. O Q is the 
axis of the cylinder, D C x C 8 D a is the 
development of the soffit to be con- 
structed from the projections, or by- 
means of ordinates found from equations 
(1) or (2). 

The developed h j c's are all parallel to 
DEO,F Cj, and hence may be drawn 
from a pattern constructsd by means of 
this curve. Divide D D 3 into such a 
number of equal parts as will make the 
voussoirs of convenient size, and draw 
the h j c's through the points of division 
by the pattern. The length of one of 
these curves is equal to that of a semi, 
ellipse cut from the soffit by a P P, and 
is calculated by the aid of the following 
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formula, obtained by integrating the 
differential of the elliptical arc. 

If S = length of semi ellipse, a = semi- 
major axis and e = eccentricity, then 

(36)S=,ra(l-4-^-4±;-e te .) 

r 

The middle h j c, n o 9 must be next 
divided up into a convenient odd num- 
ber of equal parts. The division is done 
on the middle line, in order that the two 
faces of the arch may be alike. We will 
next find the equation of the curve 
k % m of which the c j c's on the develop- 
ment of the soffit are portions. 

We have already found the equation 
of D E F C„ equation (1), in considering 
the helicoidal method. With the origin 
at O, , it is 

h x 

y = -^COS T 

Differentiating 

(37) -f- = ^- sin — 

ax Lr r 

I h 9 m cut D E Q 4 F G x at right angles, 
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^re must have, at the point of intersection, 

-. . dy dy' dy dot 

1 + — — . — ^t = 0, or — Z-j- = — — 
dx dx dx dy 

in which -¥-- is the differential co-effi- 
dx 

cient of the curve to be found. Substitute 

the value of from equation (37). 

dy 

dy' = 2r 

•"• dx' , . x or dropping the 

/* s^w — — , 

r 

primes, since the x and y in both mem- 
bers of the equation refer to the same 

point, 

, 2r dx 

dy = — -j-. — 
h x 

sin — . 

r 

/. Integrating 

(38) y = — -p- h tan J!L + c, 

in which ? e signifies Naperian logarithm. 



If we let y = 0, when a; = — ^- ' this being 
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the condition that the curvo shall pass 
through O a , we have 

.v c = o f and 

(39) y — — — £- Z e *«« *£-. 
If we move the origin to O a by placing 
x = x -f- — — — , equation (39) becomes 



/ - _ 2 r» . _ x' + 



n r 



2r 



2r* . 

— . t e raw 



(r, + T> 



or dropping primes and reducing 

9  I 1 -{- tan ~ 

1 — tan-g- 
2r 



\ 



If =- Zj-ht** \ ~ 7 ~T\ I 
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In (40) if 



2r* 



•c 


— v > 9 — 


» ■"*' 


v > 




• 

X = 


7T r 


-^o- 


— i 


oo; 


X = - 


n r 


2r a 


= + 


00. 


.\ the 
lines 


curve is 


asymptotic to 


the 


right 



x = -f- -^ ; i. e., to Z X and D D'. 

If the obliquity of the arch in fig. (2) 
were in the opposite directiorij the right 
hand members of equations (1), (38), 
(39), and (40) would all be positive. 

To adapt equation (39) to convenient 
computation, let x = n n r, which is 
equivalent to dividing the distance n r = 
0, X into n equal parts, for which ordi- 
nates are to be calculated. 

.\ Substituting common logarithms for 
Naperian, 

(41) , . " U m « 
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in which Z a signifies common logarithm 
and M is the modulus of the common 
system. From this equation any number 
of ordinates may be easily calculated for 
the construction of the curve k O, m. 

The equation of the curve K O P Pi 
will next be found. This is the horizon- 
tal projection of the curve on the soffit of 
which k 2 m is the development. Its 
vertical projection is of course the semi- 
circle D' V C 9 . It is plain that for any 
value of y the % for the new equation 
will bear a certain relation to the x of 
equation (39), and hence may be derived 
from it. Call the co-ordinates of K O P 
x f and y\ x and y being those of equa- 
tion (39), 

.•.a/ = — r I 1 — cos — 1 5 whence x]= 

rcos'~ 1 ( — — — V and y f == y 9 the origin 

being at 1# 

Substituting in equation (39) and omit- 
ting primes, 

(42) y = —2£. \ tan i Los ~ l (^)l 
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In (42) change the origin to O, and 
we have 

(43) y = —*£ Z e tan i (cos" 1 ?). 
Now we have by trigonometry 



cos- lQ L=tan- l \ r* . . , Vr a — a?' 

r = tan— 1 — 

x_ x 

r 
also 

tan ihtan-^^=^)) _- 1 +N 1+ "^~ 
V x II ^/ r 2 a.2 



X 



x W — x 

x 



Vr 2 — x* *r -|- 
Substituting in (43) we have 



,aa^ — ^r 9 \r — x r 2 (r + x\ 

which is the equation of K O P with the 
origin at O, O Q being the axis of y. 
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In (44) if x = o, y = £ l a (1) = * 



" x = r, y = j- J e (oo ) = oo 



"x = — r,y= r ~-l e (o) =—oo. 

Equation (39) solved for x is : 

(45) x = 2r tan- 1 e~ ^ 

in which e is the base of the Naperian 
system of logarithms. It is sometimes 

desirable to consider y as the indepen- 
dent variable, in which case the equation 
takes this form. 

We will now give a table of values of 

j- Z a tan ——- corresponding to a series 

of values of n, also the values of x in 
equation (44) for which the ordinates are 
equal to the corresponding ordinates of 
the curve k O. m. 
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TABLE in. 



if 

§ © 



0.01 
0.02 
0.03 
0.04 
0.05 
0.10 
0.15 
0.20 
0.25 
0.30 
0.35 
0.40 
0.45 
0.50 




4.2331 
3.4601 
3.0541 
2.7659 
2.5421 
1.8427 
1.4266 
1.1240 
0.8810 
0.6742 
0.4897 
0.3195 
0.1577 
 0.0000 



Values of x in 
liquation (44) 
for which y is 
equal to the 
y of Equation 

(41). 



0.99951*- 
0.99803*- 
0.99556r 
0.99211*- 
0.98769*- 
0. 95106*- 
0.89101r 
0.80902*- 
0.70711*- 
0.58779*- 
0.45399*- 
0. 30902*- 
0.15643*- 
0.00000*- 



Remarks. 



N.B.— The val- 
ues of x in col- 
umn 3 are to be 
laid off from 
the axis of the 
cylinder os the 
axis of y. 
In equation 
(41) the axis 
ofyisO^D^ 
To obtain the 
corresponding 
values of x for 
the curve I O 
L M, substitute 

3d column, the 
axis of y being 
the same. 



By means of this table the curves 
Jc O f vn and KOP may be easily and 
accurately constructed, as well as the 
curves I O L M and N R 4 for the 
Ex s. 

For the curve I O L M, which is the 
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intersection of a c j s, with a cylinder 

concentric with the soffit, we have if x be 

the abscissa of K P, x' the abscissa of 

I O L M and r x the radius of the concen- 
tric cylinder, 

x r rx' 

__ = — or x = . 



x r t r x 



This value in equation (44) gives 

(46) y = ~ l e ( r »-"b?) (primes omitted). 
h \r t — xf 

For the curve N R 4 which is the 
development of I O L M, calling the 
abscissa of k O, m x 7 and that of N R 4 
x', we have 

x r rx' 



• • x — 



— r — — > • • ^ — i 
x r\ r\ 

which, in equation (40), gives, omitting 
primes, 

(47)„ = -2£. 

which is the equation of N R 4 with tha 
origin at 4 . The ordinates for this 



1 


+ ton 


2n 


1 


— tan 


X 
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curve are the same as those for the curve 
7c 9 m when we give the proper values 
to x, that is, make x = n n n, and meas- 
ure it from the line B, B 3 as the axis of 
ordinates. 

The curve S V T is a projection of the 
curve K P Pi on a plane parallel to the 
P F, of which p q is the horizontal trace. 
In constructing an arch by this method 
it would be desirable to project it on 
such a plane, and hence this curve would 
be needed. It cuts at right angles the 
projection on its plane of any ellipse cut 
from the soffit by a plane parallel to the 
P F, and its equation is found by a pro- 
cess similar to that by which equation 
(39) was obtained. Let g p be the axis 
of x and O' V the axis of y. The equa- 
tion of the ellipses to which the curve is 
to be normal at point of cutting is 

(48) b 2 (x — a,) 2 + a 2 y 2 = a 2 b 2 
in which a t is the variable abscissa of the 
centre. Differentiating 

dy fc _ ft 2 (x — ai) or sub8tituting value 
dx a* y 

of a\ from (48). 
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dy__ b V fr 2 — y 2 
dx ~~ ay 

This in the formula 1 + * JlL -. A 

*"** dx~' = ~ ft v5=p 5 or > topping 

primes, since x and y in the two members 
refer to the same point, 

dx = — - y-i fy y #s y 2 

Whence, by integration 

x= l\ u \b^jW^ — \ +c 
*< *\i—-jp=p>—v b '—?> 

If we let x = o where y = b—i. e., place 
the centre of the curve at O' — then c = o } 
and 



( 

x = 


49) 


~y 2 . 

_^2 




~^\ 


i 

1 

i 


-V&2- 


=?} 
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This curve is symmetrical about both 
axes of reference, and is asymptotic to 
the axis of x. 

To obtain (49) in a convenient form 
for computation, place y = n b 9 then 



(50) x = -- 



From this equation have been calculated 
the values of the parenthesis for a series 
of values of », as given in the following 
table. 

TABLE IV. 



Values of n 


Values of ax t 


0.1 


± 


2.000 


0.2 


± 


1.313 


0.3 


± 


0.921 


0.4 


± 


0.660 


0.5 


± 


0.450 


0.6 


± 


0.299 


0.7 


± 


0.184 


0.8 


± 


0.093 


0.9 


4 


0.032 


1.0 




0.000 
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The c j c's on the -development of the 
soffit may be constructed by means of a 
pattern, one side of which is cut by the 
curve k a m f and the other side is 
straight and parallel to I X. By placing 
this pattern upon the curve k O a m, lay- 
ing a straight-edge along the back, and 
then sliding the pattern till it passes 
through the different points of division 
on the line n o, the proper portion of the 
pattern for each curve will be found. 
For construction upon a very large scale 
— as, for instance, upon a platform the 
true size of the arch — this method would 
be impracticable. The point of the curve 
k O a m which passes through any point 
of division on the curve n o may then be 
found by calculation. Find by measure- 
ment or computation the value of x for the 
point of division — i. e. 7 its distance from 
the line D D a 3 \>ake this distance as a 
fractional part of n r — i. c, as a value of 
n — and, substituting in equation (41), 
find the corresponding value of y; this 
will be the constant c of equation (38). 
Subtracting this from the ordinates 
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found from Table III. will give the ordi- 
nates of the curve measured from a line 
parallel to Oi X through the point of 
division. It would also be desirable to 
determine the exact point in which any 
c j c cut the curve D a C 3 . Wo can ap- 
proximate very closely to this as follows : 
Find the point as nearly as possible by 
sketching in the curve from Table III. ; 
through the point thus found draw a 
parallel to Oi X ; find the distance from 
this parallel to the one drawn through 
the point of division on n o correspond- 
ing to the* same cjcj add this distance 
to the value of c found as above ; take 
this as the value of y in equation (45), 
and compute from it the corresponding 
value of x: this will be the true abscissa 
of the curve on the line parallel to Oi X 
through the point as first found, and of 
course will give the intersection of the c j c 
with the curve D 2 C 8 with great accuracy. 
The h j s's are, of course, planes par- 
allel to the P F. The c j s's are 
a species of conoid generated by a 
right line moving on the axis of the 
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cylinder as one directrix, a c j c as 
another, and remaining always perpen- 
dicular to the former. Any plane per- 
pendicular to the axis is therefore a plane 
director. The intersection of any c j s 
with the P F will be a curve, several 
points of which will be needed in a con- 
struction upon a large scale. These may 
easily be found by drawing one or more 
semicircles between D'V'C, and B'V'A,, 
finding, by Table III., the curves corre- 
sponding to I O L M, for the cylinders 
of which these semicircles are the vertical 
projections, and then erecting perpen- 
diculars to the ground line from the 
points of intersection of these curves 
with the P F (ot planes parallel to it) to 
meet the semicircles. Projected on a 
plane parallel to the P F, these curves 
of intersection of the c j s's with the P 
F will be normal to the elliptical section 
cut from the soffit by the P F at the 
points in which they cut it, and hence 
will be tangent to the projections on the 
same plane of the c j c's. All the above 
remarks apply also to the intersection of 



r 
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a c j s with any h j s — i. e. f any plane 
parallel to the P P. 

In order to cut the voussoirs patterns 
must be made of the cylindrical and 
plane faces of each. It will also facili- 
tate the operation to construct each in 
isometric projection, drawing on the 
cylindrical face one or more elements 
of the cylinder as guides in the cutting. 
'Cut first the two plane faces of the vous- 
soir precisely parallel to each other ; cut 
roughly another plane face, making an 
angle with these two approximately equal 
to that between the P F and a tangent 
plane to the soffit at some point of the 
cylindrical face of the voussoir (i. e., to 
the angle ft of equation (51), from which 
equation its value may be found) ; lay 
the stone in such a position that the first 
• two faces shall be vertical, and the third 
uppermost 5 apply to the vertical faces 
the patterns for the ends of the voussoir, 
with the edges next the soffit uppermost, 
their relative position being fixed by 
measurement from the drawings ; mark 
out the ends by the patterns, and also 
the points where one or more elements of 
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the cylinder pierces the h j sj sink 
drafts in the upper face connecting these 
points, and then cut the cylindrical face 
by a templet cut to the radius of the 
soffit, and applied at right angles to the 
elements. Next apply the pattern of the 

soffit, and draw by it 
d the lines a h } c d, for 
the edges of the 
]b stone. In the figure 
a d is an element of 
the .cylinder, the stone being seen from 
above, and being taken from a course 
near the crown of the arch. 

The warped faces can be cut by means 
of a templet of the form shown in the 
accompanying figure. The arc a b c )> 

a' V c' is cut 
to the radius 
of the cylin- 
der, and the 
arm ad )) a' d' 
is firmly 
fixed so as 
to be normal 
P to the arc at 
the point 
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d 

cm 



a 





a » a'. The cross-bar e/is perpendicular 
toac, and its upper edge also perpendicu- 
lar to the plane 
of a bc))a'b'c' 
and ad)) a' a". 
g))g f and^i » g' 
c are braces. 
Suppose the 
stone were cut, 
then, if the cur- 
ved edge of 
the templet 
were applied to the cylindrical face with 
the edge of cross-bar e f coinciding with 
an element of the cylinder, and the point 
a » a! at the edge of the voussoir, the 
edge a d )) a' d' of the normal arm 
would lie upon the warped face, and 
coincide with an element of it. If a 
number of drafts be sunk in the stone, 
then, by means of this templet, the 
warped faces can be easily cut. It only 
remains to cut the Ex s of the voussoir. 
If this surface is to be a cylinder concen- 
tric with the soffit, the intersections of 
this cylinder with the c j s's can be at 
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once laid off on the stone by. the aid 
of the templet. Measure on a d)) a 1 S 
from a 1 )) a' the distance r l — r, between 
soffit and Ex sj mark the point, and, 
applying the templet as described 
above, mark on the stone any number of 
points in the required curve. If the 
arch is to be built upon with stone, it 
would be better to cut the Ex s in steps, 
each stone having one or more horizontal 
and vertical plane faces when in position 
in the arch. This would not add to the 
difficulty of cutting the stones, though it 
would somewhat to that of making the 
drawings. This way of cutting the 
stones is shown in the drawing of the 
arch according to the " cow's horn " 
method. 

The diedral angle at the edge of a 
voussoir must not be less than a certain 
limit, otherwise the stone will be de- 
ficient in strength at this edge. The 
limit is usually taken at 60° 5 hence it 
follows that a full centred arch should 
not be constructed by this method with 
a greater obliquity than 60° ; but, as the 
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angle between a tangent plane to the 
soffit and the P F increases as the ele- 
ment of contact is taken higher above 
the springing plane, up to 90° at the 
crown, it is evident that a segmental 
arch may be built with a greater ob- 
bliquity than 60°, whose diedral angles 
will be within the limits. To find the 
chord of the segment (i. e., the 
span), 

Let a = C 9 D 9 D' = obliquity of 
arch. 

Let fi = angle between P P and tan- 
gent plane to soffit ; i. e., its limiting 
angle. 

Let y = angle between the tangent 
plane to soffit and the H P. 

Then we have a right-angled spheri- 
cal triangle, and by spherical trigo- 
nometry, 

cos fi = cos a sin y 

cos /3 

or sm y = j 

r cos a 

/ci\ a o • 2 r cos 

£51) «\ Span = 2rmy = c — 

^ ' r r cos a 
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If we let = 60°, then cos /3 = *; 

.'. Span = = r secant a. 

cos a 

Also cos a = from which we can 

span 

determine the limit of obliquity for a 
given segment. 

If the span = r, then cos a = 1, and 
a = o. Therefore we may give any 
obliquity to the arch that we please with- 
out passing the limit. If a = 30°, the 
limiting span is 

2r 
Span — — 7= = 1.1546 r. 
F V3 

The security of the arch constructed 
after this method will next be considered- 
In Fig. 2 the curves QT'a and Q Pi' b 
are the vertical projections of the curves 
cut from the c j s, whose directrices are 
the axis of the arch, O Q, and the curve 
K O P, by the planes P c and P x O r 
These curves will be shown to have maxi- 
mum points at P P' and P, P/ where they 
pierce the soffit, h K O L g is the hori- 
zontal projection of the curve cut from 
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the same c j s by the horizontal plane ef f 
and it will be shown that its tangent at 
the point of piercing the soffit is perpen- 
dicular to the P F. It will likewise be 
shown that the tangent plane to the c j s 
at any point of the c j c is perpendicular 
to the tangent to the elliptical section 
parallel to the P F at that point. Hence, 
where it intersects the soffit every c j s is 
exactly normal to that direction which 
we have assumed to be the direction of 
the pressure. 

First to obtain the equation of a c j s. 
Let the line O X be the axis of x, the line 
Z O Q the axis of z ; then let the axis of 
y be a vertical line through O. Then the 
equations of the curve KOPP, will be 

(a) * + ? = ? 



» — T^tea 



Equation (b) is derived from equation 
(44) by substituting z for y and changing 
the sign of the right hand member, be- 
cause the axis O Q in equation (44) was 
considered is positive from O toward Q r 
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while now it is taken as positive from 

toward Z. 

h 
Let — r = c, and solve equation (b) 

T 

for jc. 

.•. e<* = ; whence 

r + x' 

(52) * = r .\=£. 

1 + e** 

For the point # x we have 

(53) x,=r. J" 6 "' 

Substitute value of «, from (53) in (a). 
.„»_,.. ... 1 — 2 «-, + «■", 

. . tf . — r T . 1 — y - 

* l 1 +2e c * x + e*<* l 

= r 2 A + 2 e»i -f e 2c *i — 1 + 2 <**j — g^A 

V (i + ^i) 2 / 



(54) .-. yi 



2 r vV*i 



l+^i 

The equation of a line in X Y through 
the points ( x\ y\) and {x 2 # 9 ) is 



(55) 
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Since O Q is a directrix of the surface, we 
shall have 

(56) x, = y 9 = o 

/. substituting from (53), (54), and (56) 
in (55) _ 

* l+^i" r(l — e"i)' 

or reducing and making z x general by 
dropping the subscript, 

ez Ju_ 



x 1 — ef* 



(57) JL.= , __ ^ 



,r2 



1 — e 

which is the equation of a c j s. 

Intersect this surface by the vertical 
plane P c d y whose equation is 

(58) z = 4^ («i — *)» 

in which a = Oc = intercept on X, and 

2 r 

f — = tow <*. 

h 
Substituting value of z from (58) in 

(57), 

q t — x 



(59) *- 2e ' - 2 * 



1 — 6 r 



« («i - ?) 1 — e 9 « 
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if we let u = ai ~ x 

r 

This is the equation of the curves 
QFa,Q Pi' 6, etc. In (59) if x = a„ 
y = oo ; .*. the line x = a, is an asymp- 
tote. Also if x = o, y = o, and if # = 
_j_ oo , y = o, and the axis of x is an 
asymptote. 

Differentiating (59) 

„ 2(1 W *■ + x W— )) + 4 «■" * (^) 
o#__ V \dx// \dx / 

di (1 — 'e 214 ) 8 

But — - = — — , therefore after reduction 
ax r 

(60) i = 2e« | r — x—jr + x)** ) 



dy 



For a maximum -£- = o : 

da; 

.'. r — a? — (r + #) e 8 " = o. 



(61) **« r ~ a? : 

v ' r + x } 
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This equation gives the values of x for 
which y is a maximum. 

Now eliminate y between equations 
(59) and (a), 

•'• *' + (t-fy = r ' ; whence 

a£l-_Jt__J = r 2 j therefore solving 
for e 2 *. 

(61') «"" = T -^—. 

r -\- x 

This equation, which gives the x co-ordi- 
nate of the point of intersection of the 
curves Q P' o, Q P' 6, etc., with the 
circle D' V C 9 , is identical **»rtii (61), 
which gives x where y is a maximum ; 
therefore the curve whose equations are 

r y = -^ 

9 1— e 2 " 

\f = -jT {a > ~ x) 

has its tangent line horizontal at the 
point of piercing the soffit. 



1 
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To find the inclination of the tangent 
at the point where the curve pierces a 
cylinder concentric with the soffit whose 
radius is r v If the co-ordinates of this 
point be x x y x we have by substituting in 
(61'), Ux for u, r x for r, and a^ for x, 



dy. 
dx 



^ n-_*i /b ^ = \ r.-x, 

Substituting these values in (60), 

r — x x — (r+ Xj) 



c n — x\^ 



i = 2 (^ 



ri + «i 



V J 

whence by reduction, 

(62) dy x _ {r — r x ) Vr? — x? = _gfr ; 

if we let r x — r = o\ 

If we multiply -^- by cos a, we obtain 

the tangent of the angle between the tan- 
gent line to the curves c P ,, Q P' a, 
O t Pi » Q Pi' b, etc., at the point of piero- 
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ing the Ex s and the H I*. Call this 
angle t, then 

(63) ton t = - 6 y - cos a . 

r x x 

Suppose a = 60°, - = --, then 

r 15 

If ajj = r x cos 10°, y x = r 1 »n 10°, and * = 0° 40' 20^ 
" x 1 = r 1 eo820°, y i = r 1 sin20°, and« = 1°23' 20" 
ti x 1 = r 1 cos 30°, y 1 = r 1 sin 30°, and t = 2° 12' 15" 



Intersect the locus of equation (57) by 
the plane 

V = &; 



ex 

^^^ • 

at 



.'. b e* -\- 2 x e % — fe = oj 
solving this for e~asa quadratic, 



a — x + Vx 2 4- 6 2 

e i~ = — 

ft 

(64) /. * = - Z e ( ~ h ^ Y 
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Differentiating and reducing, 

( 65) dx + « Va 2 + 6 2 +^Vaj , + 6 t 

When * = o, ^5 •=T?jJ=Tlfaii£r. 

d# 6 A 6 



a 



& = nanda; = 0, 



rf£ron._2rr r 



dx 



on 



h n r\ 



To find the angle at which the locus of 
(64) pierces a cylinder concentric with 
the soffit, eliminate y between y = b and 

x % + y % = n\ 

.-. x* = r* — 5 2 . 

Substitute this value of x in (65), 

(66) 



, dsi 



2r' 



If n = r, — i = tan a. We see there- 
at, 

fore that the locus of (64) pierces the sof- 
fit at the angle a. — i. e. } its tangent is 
there perpendicular to the P F — and that 
it pierces any cylinder concentric with 



i 

I 



u 
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the soffit at a constant angle for any 
given value of or, no matter what value b 
may have. 

The surface is thus seen to differ very 
essentially from the helicoid previously 
considered, as regards tendency to slid- 
ing on the coursing joints, as is indeed 
evident from a comparison of the two 
drawings. 

The tangent plane to the c j s at any 
point of the c j c, as P P', must contain 
the element of the surface through the 
point and the tangent line at the point to 
the curve cut out by a horizontal plane 
through the point ; therefore it must be 
perpendicular to the P F. The tang, of 
the angle between it and the H P will be 
equal to 

(67) tan 'P Q C, cosec a = tanHf 
if N be the angle between the normal at 
P P' and a vertical line ; but this is also 
the expression for the tangent of the angle 
between a vertical line and the tangent 
line at P P' to the elliptical section of the 
soffit parallel to the P F j therefore the 
assumed direction of pressure is normal 



i 
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to the c j s at any point of the c j c. 

This result might have been predicted 

from the mode of construction of the c j c's. 

The curve cut f r om a c j s by the plane 

(68) » = A (a: _ a ,) 

Z r 

parallel to the P F is always convex to- 
wards the springing plane between the 
soffit and Ex s. Its equation found by 
substitution in (57) is 

(69) y — -=-? * e 



if we place -r-i (x — ai) =v. 

By differentiation and reduction we obtain 
in the same way in which we found (62) 

which is the tangent of the angle between 
the tangent line to the locus of (69) at 
point of piercing the cylinder whose ra- 
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dius is n and the horizontal plane. To 
obtain the angle between the tangent line 
to the curve in space whose equations are 
(68) and (69) and the H P, multiply (70) 

by sin a = -- - - A — - 

Call this angle t\, then 

(71) tan h = ^ ( J r *-+ ** ri ) = 

xi \2r' VF+4"r'/ 

y\ r sin' 2 a + r\ cos 2 a 
xi r sin a 

If r\ = r, which gives the point of pierc- 
ing the soffit, 

(72) tan t.=». ^ ±E = ^cosec a, 

x\ 2 r xi 

which is identical with equation 
(67). 

If — = T -, and a = 60°. then 
r 15 

when Hx = tan 10°, t, =11° 52' 50", ^=11° 30' 30" 

x x * 

" & = taw 20°,*, =23° 28' 16", £-22° 47' 45" 

" ?L l = tan 30°, £.=34° 33 30 ', £,=33° 41' 24" 
a, 



74 

The points for which 1 1 and U are found 
being on the same radius are of course on 
different curves, though these curves are 
so near together that the difference be- 
tween the angles t\ and U is very nearly 
the same as the difference between the 
slope of the tangents to a single curve at 
the points of piercing the soffit and Ex s. 

The function n = t x — t s is found by 
differentiation to be a maximum when 



sin* a -f - 1 cos' 



- tan 44° 32' 



where a and -i have the values assigned 

r 

above. The maximum value of the func- 
tion in this case is h — 1 8 = 55' 31". 

It appears, therefore, that at no point 
on the c j s, between the soffit and the 
Ex s does the normal to the c j s vary to 
any extent from the assumed direction of 
pressure. 

COW'S HORN METHOD. 

In this method the soffit is a warped 
surface called the Come de Vache, or 
Cow's Horn, generated in the lollowing 
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manner. A right line moves on thre* 
directrices, which are : 1st, two equal 
ellipses in parallel, vertical planes, hav- 
ing their transverse axes in the spring- 
ing plane of the arch ; and 2d, a right 
line drawn in the springing plane per^ 
pendicular to the plane of the ellipses, 
through the centre of the parallelogram 
formed by joining the extremities of the 
transverse axes of the ellipses. Thesa 
ellipses may, of course, as a particular 
case, be circles. In Fig. 3, the plane of 
one face of the arch is taken as the V P, 
and the springing plane is the H P. In 
referring to Fig. 3, the following notation 
will be employed. Any letter with h. 
written above it as an exponent, means 
the horizontal projection of a point, and 
the same letter, with exponent v, is the 
vertical projection of the same point: and 
this point will be referred to as the point 
A, B, etc. . L e., the point whose projec- 
tions are A h A T , B b B v , etc. A line drawn 
through these two points would be, 
therefore, the line A B. If one projec- 
tion of a point is in the ground line, h or 
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v f as the case may be, is replaced by o, 
and if the point itself is in the ground 
line, it will be designated by the letter 
alone without exponent. 

In Fig. 3, the parallelogram A* B h C D 
is the horizontal projection of the soffit. 
Its centre O is the point through which 
the rectilinear directrix of the soffit is 
drawn perpendicular to the V P, since 
this coincides with a P P. The .three 
directrices of the cow's horn surface are 
then the ellipses D S I C, and A K N B, 
and the right line O Z lying in the H P. 
The elements of the surface are to be 
-drawn so as to cut these three directrices. 
The vertical projection of O Z is a point 
in the ground line at 0°, hence the verti- 
cal projections of the elements will be 
lines radiating from this point. By drop- 
ping perpendiculars from the points 
where the vertical projections of the ele- 
ments meet the vertical projections of the 
elliptical directrices to the horizontal 
projections of the same, the horizontal 
projections of the elements will be found, 
as will be seen in the case of the elements 
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R S, P Q, etc. The elements of the sur- 
face are the edges of the voussoirs — that is, 
the c j c's, which, therefore, in this method 
become right lines, while the h j c's, being 
sections of the soffit parallel to the P F, 
are curves of the 4th degree. It is, of 
course, impossible to develop the soffit, 
since the consecutive elements are not in 
the same plane. 

The arch must be divided up into 
courses on the median section in order 
that the two faces may be alike. To find 
this, draw the vertical projections of a 
number of elements, and bisect the por- 
tion of each included between the points 
in which it cuts the vertical projections 
of the elliptical directrices j through 
these points of bisection the median 
curve may be drawn. In Fig. 3, it is the 
line L T, and is only drawn as far as the 
crown of the arch. The length of this 
median curve would have to be ascer- 
tained by construction upon a large scale, 
and accurate measurement. It may then 
be divided into a convenient odd num- 
ber of equal parts, and the elements of 
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the surface, which are the c j c's drawn 
through the points of division. 

The h 3 s's in this method, are planes 
parallel to the planes of the faces of the 
arch, while the c j s's are hyperbolic 
paraboloids the method of whose construc- 
tion will next be shown. It will first be 
shown that a hyperbolic paraboloid may 
be drawn having an element in common 
with any warped surface, and normal to 
this surface at every point of the com- 
mon element. It is proved in works on 
descriptive geometry, that, if two warped 
surfaces have a common element, and 
have common tangent planes at three 
different points of this element, they are 
tangent to each other throughout the 
length of this element. Therefore, we 
can always draw a hyperbolic paraboloid 
tangent to a warped surface along an 
element; for draw tangent planes at 
three points of any element, and in these 
planes, through the points of tangency, 
draw right lines parallel to some given 
plane j if a rectilinear generatrix be 
moved on these lines, a hyperbolic para- 
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boloid will be generated tangent to the 
warped surface along the element. Now, 
revolve this tangent surface about the 
common element as an axis through an 
angle of 90° ; it will then be normal to 
the other surface at every point of the 
element. If the lines drawn in the tan- 
gent planes are perpendicular to the com- 
mon element, after revolution through 
90°, they will be perpendicular to the 
tangent planes, and hence normals to the 
warped surface. Hence it follows that 
the directrices for a c j s may be three 
normals to the soffit, drawn at any con- 
venient points of the corresponding c j c r 
or element. The points at which normals 
are most easily constructed are those in 
which the element cuts the three direc- 
trices, but as the intersection with the 
rectilinear directrix will generally be be- 
yond the limits of the drawing, some 
other point must be used instead of this 
one. A method will now be given by 
which a tangent line can be easily and 
simply constructed at any point of any 
section of the cow's horn surface, by a 
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plane parallel to the elliptical directricea. 
This tangent line being found, of course 
the normal to the surface at the point of 



^> 




tangency can be drawn at once. Let 
A V B and C V D be vertical projections 



r 
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o£ the elliptical directrices, P, that of th* 
rectilinear directrix, P 8 X that of the 
element through P„ which is a point of 
some section of the soffit by a plane 
parallel to the P P, and O F and E F 
tangents to the curves A V B and C V D, 
at the points where they are cut by P 8 X. 
E F and O F will meet on P 8 F because 
this is the axis radical of the two curves. 

Let O E = a, O F = b, P 8 O = m and 
O P 4 = &,. Take O as the origin of co- 
ordinates, the line P 8 X as the axis of 
abscissas, and the line O Y as the axis of 
ordinates. Then the equation of the 
tangent line E F will be 

(72) £. +■ ^. = 1; 

a o 



that of the line P 3 P 



5? 



(73) — + -f- =li 

and that of the tangent line O F, 

(74) x = 0. 

We will now find the equation of the 
line cutting O X and P 8 P 6 in such a 

manner that 9J*\ = ^ Let OP F 
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n X OE — na. To find the co-ordinates 
of the point P 5 eliminate between (72) 
and (73) 

•*• #5 = h — — X * = &1 + — X * 

a Oi 

x * = °L °l _i_T * > similarly 
_ b h (a + gt) 

For the point P 4 the co-ordinates are 

«4 = °> y* = b i 

Hence for P a we shall have 



x^ = nx 5 = 



__ n a Oj (b — hi) 
a x b -f- a b x 



y.=fci+»(y.-^= 6l (ai & +^-^(^- & )) 

ai o + a Oi j 

and for Pj, #i = »a,j/i = 0. 

Substituting these values of #i #i, # a y % in 
the equation of a line through two points 

(y — yO to — x* = (* — «0 (yi — y.) 

we have after reduction, 

(75\ y _ (na-x)(aib+abi-na{bi-b)) 

n a (a + a x ) 

which is the required line. 
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Now in this equation we may give to 
61 any value we please, positive or neg- 
ative ; suppose it to change gradually in 
value from some positive quantity to some 
negative, the line G Pi will change posi- 
tion accordingly, and at the instant in 
which bi passes through zero it will be 
tangent to the section through Pi 5 for 
the law of this curve of section is, that it 
cuts off an nth. part of the portion of 
any radial line included between the two 
curves A V B and C V D 5 hence at the 
instant that b\ = the line Gr Pi coin- 
cide with an element of the curve. In the 
figure Gr Pi is this limiting case j i. e., the 
tangent at P x , and the line of equation 
(75) would cut the axis of y very slight- 
ly nearer to F, but the two lines would so 
nearly coincide for this position of P 8 P 6 , 
that G Pi is made to answer for both. 
Now in equation (75) make &i = and we 
have the equation of the tang, to the curve 
of section. 

(76) .-. y = H^a — x) (at+na) 

n a (a -J- a\) 

For the intercept on Y let = 0. 
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(77) .•.«,= »<« + »«> 

a ~r ai 

or putting it into the form of a propor- 
tion, 

(78) a -\- a\ : n a + a± : : b : y Q . 
Hence to draw a tangent at any point of 
a curve of section of a cow's horn surface 
by a plane parallel to the curve direc- 
trices, draw the vertical protection of the 
element through the point (V P sup- 
posed parallel to P P), and tangents to 
the curved directrices at their points of 
intersection, with the element ; lay off 
E H and Pi I each equal to P 8 O = a, ; 
draw H F to the point of intersection of 
the tangents previously drawn, and I G 
parallel to H F ; through G draw G P„ 
then will G Pi be the required tangent 
line j for 

OH=OE + EH = a + fl„ 
O I =OP 1 + P ] I = wfl + a 1 , 
and O F = b ; /. by (78) O G = i/ . 

We will now construct a hyperbolic 
paraboloid normal to the soffit, and inter- 
secting it in the element R S. Since 
lines perpendicular to each other have 
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their projections on a plane parallel to 
one of them perpendicular, the vertical 
projections of the normals can be drawn 
at once perpendicular to the tangents to 
the vertical projections of the curve direc- 
trices and the median section at the 
points R, U, and S. Their horizontal 
projections will be perpendicular to the 
horizontal traces of the tangent planes to 
the soffit at R, U, and S. These tangent 
planes will of course be the planes 
through the tangent lines to the soffit 
at R, II, and S, already drawn, and the 
element of the surface R S. Portions 
of their horizontal traces are a/3, yd, and 
£<?, to which the horizontal projections of 
the normals S a, II b, and R c are per- 
pendicular. These three normals are the 
directrices of our c j s. To find an ele- 
ment of the 1st generation, pass a plane 
through one directrix and find the points 
where the other two pierce it j join these 
points by a right line j this line will be 
an element of the surface. Take, for 
convenience, the plane which projects 
a S on the vertical plane of projection, 
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then b and c will be the points in which 
the other directrices pierce this plane; 
therefore a c is an element of the first 
generation. Any number of other ele- 
ments may now be found by merely di- 
viding up a c and S R, or a S and c R 
proportionally, as in Fig. 3. In the fig- 
ure the horizontal projections of several 
elements of each generation are drawn, 
but the vertical projections of those of 
the first generation only. 

Next the intersections of the c j s 
with the P F's and with the Ex s must be 
found. The vertical projection of the 
intersection of the c j s just constructed 
with the V P is the line tf S v , of which 
the portion drawn varies but little from 
a right line. There are a number of 
forms in which the Ex s may be cut. 
It may be a cylinder whose axis passes 
through O and is parallel to E Hj or a 
co-axial cow's horn surface generated on 
the extradosal ellipses H Ii G and E Ki 
F ; or the exterior surface of each course 
may be cut like the course M t Q t by one 
vertical plane through / and k, and one 
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inclined through d, f g and k j or each 
course may be cut in a series of steps, 
as in the course P N, by a number of 
horizontal and vertical planes. The last 
method would be preferable for the vous- 
soirs at the ends of each course, how- 
ever the others were cut. 

Except in the case where the Ex s is 
cylindrical, no face of a voussoir can be 
cut by the aid of a templet. Cut first 
two plane faces on the stone precisely 
parallel for the ends of the voussoir. If 
the Ex s is to be cut in the manner of 
P N or P, N„ it would be best to cut 
next the other plane faces of the vous- 
soir of which patterns can be made 
from the drawings. Then apply the 
patterns of the heads and mark the lines 
on the stone, marking also the points 
where one or more elements of the ruled 
surfaces forming the soffit and c j s's 
pierce the plane of the head of the vous- 
soir. The warped faces can then be cut 
by a straight edge. The soffit face 
should be cut first, and the elements 
forming the edges of the voussoir mark- 
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ed: then all the bounding lines of the 
coursing joint faces will be given on the 
stone, and draughts can be sunk by a 
straight-edge in a direction perpendicu- 
lar to the soffit edges of the stone by 
which the c j s's may be cat. 

The curves h° I m and nop are the 
evolutes of the ellipses A K B and D I 
C, and are convenient in drawing the 
normals to these curves which are re- 
quired. 

The curved directrices of this arch we 
take elliptical so as to correspond with 
the curves cut from the soffit in the 
other methods by planes parallel to the 
PR 

In each of the drawings the direct 
span is 30 ft., the oblique 34.64 ft. 
a = 60°, and the number of courses is 49. 

It is evident from the drawing that if 
a perpendicular to the H P be erected 
at the point O, it will pierce the soffit in 
the line K I, which is parallel to the 
rectilinear directrix and lower than the 
highest points of the elliptical directrices, 
so that the crown of the arch curves 
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downward toward the middle, from which 
peculiarity the surface derives its name,, 
"cow's horn." Plainly, if this curvature 
were so great as to cause the median sec- 
tion of the soffit to be convex toward the 
springing plane at the crown, the arch 
would be unsafe ; indeed, could not stand 
at all. We will investigate the conditions 
under which this will be the case x and to 
this end will obtain the equation of the sur- 
face. Let the line O X be the axis of X, 
O Z the axis of Z, and let the axis of T 
be a vertical line through the origin O. 
The equations of the three directrices 
will then be 

^ J — a* — + fe i=1 I Equations of 
i f DIG; 

(80) U = -* ^ J 

(81) J^1T~ + V +1 [Equations of 
1 [ AKB; 

(82) \m = * J 

(83) x = 0, y = 0, equation of OZ j 
in which e = 0°q = 0°r, and 

S = OK = 01 = i distance be- 
tween the faces of the arch. 
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The equation of a plane through the 
axis of z is 

(84) y = mx 

in which m = tangent of angle between 
plane and H P. 

We will now find, by elimination, the 
co-ordinates of the points in which (79) 
and (81) pierce this plane, obtain the 
equations of the element through these 
points, and then eliminate .the constant m. 
From (79) and (84) we obtain after re- 
duction, and placing a 2 m 2 + b 2 = k 2 7 

x = b\— b e i a V fe 2 — &n 2 \ 

L fc -" 

Similarly from (81) and (84), 

J+ b e + a VW— € 2 m 2 \ 

Also from (80) and (82) we have 

z\ =r. — o and z % = -j- 6. 
Substituting these values of x l x % z x and 

z % in the equation * *\ = ** *' of a 

X ~"~~ X\ Xq ~~~ X* 
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line through two points in X Z, we have 
, ,^2& 2 £ 9 ~/ — ^+ab ^—e 2 m\ 

and by reduction 

(85) ft 2 e z — a 2 d m 2 x — d b 2 x 

= abd Va a m % + 6 a — £ a m a 

which is one equation of the element 
through (#, #,) and (# a # a ), equation (84) 
being another. 

Squaring (85), introducing the value 
of m from (84), and reducing, we obtain 

or factoring, 

w"{6 + 0«-H?-'-'}SH& 

which is the equation of the cow's horn 
surface. If e be taken negative, the ob- 
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liquity of the arch will be in the opposite 
direction from that of Fig. 3. 

Equation (86) contains only even 
powers of y, hence the surface is sym- 
metrical with respect to the plane X Z. 

If z = -f- d, it becomes 

( « T *) 2 | ff 2 _i 
the equations of the curved directrices. 

If x = 0, we have y = ± &\J * ^ * wo 

right lines parallel to the rectilinear di- 
rectrix. 

If y = 0,then*= *J?1A. 

If z ■= some constant = n <$, we 
have the intersection by a plane parallel 
to the P F. 

wIS+S-Mr-'-MS+S) 

and if n = 0, this becomes 
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<">(f + S)-f-('-3»-* 

the equation of the median section. 

In (88) let y = b \ \ _ ^ _ height 

above X Z of lowest point of crown 
of arch = ordinate of median section, 
where x = 0. 

••■e+( i -s)) , -s-(>-s-) , -« 

whence by reduction 

(89) x = ± V2 £ 2 — a 8 . 

This equation gives the a? co-ordinates 
of the points in which a tangent to the 
median section at the extremity of its 
minor axis cuts the curve. In order that 
the arch may stand, these points must be 
imaginary. 

In (89) when e > a j/£> 0.7071 a, a; is real; 

" € = a |/£=0.7071 a, x = ; 

" * < a *4< 0.7071 a, a? is im- 
aginary. 

The third of these cases is therefore 
the condition of stability. 
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The same result may be obtained by 

differentiating (88), placing -i- = 0. and 

dx 

making the condition that there shall be 
only one value of x for which y is a 
maximum. 

In equation (86) if e = 0, we have 

a cylinder whose axis is O Z. 

If e = a, by transposing and extracting 
square root 

$[ x * i y 1 \_ x z - + Sx 

\a*^W/ a —IT 

the equation of two cones tangent to each 
other along the axis of z. 

The equations of the c j s's can be 
found without difficulty, but they contain 
so many constants and are so complex 
as to be of no practical utility. The 
character of the arch as regards stability 
and tendency to sliding on the coursing 
joints, can be easily seen by examination 
of Fig. 3 and comparing it with Figs. 1 
and 2. It will be noticed that the vertical 



95 



projection of each element takes a direc- 
tion between those of the normals to the 
elliptical directrices at the points where 
it cuts them ; therefore at some point be- 
tween these it must coincide with the 
vertical projection of the normal to the 
section at that point by the heading 
plane through it. It follows that at this 
point the element will be perpendicular 
to the direction which has been assumed 
to be that of the pressure, and from the 
manner of its construction the c j s will 
be also normal to this direction. At the 
crown this point is midway between the 
faces of the arch, and as we approach the 
springing plane it moves toward the 
points A and C. The curve A U 3 is cut 
from the cj s, RSacbya horizontal 
plane through the point U, and the por- 
tion of it from U toward 3" which would 
lie upon the coursing joint would* evi- 
dently be nearly perpendicular to the 
direction of pressure. The curve rj v £> 
is cut from the coursing joint surface 
through the element M N, and the por- 
tion which is upon the voussoir is almost 
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exactly perpendicular to the P F. //i y\ S\ 
is cut from the surface of the lower face 
of the same course M Q. n p s is the 
curve cut from the c j s through the first 
c j c on that side by a vertical plane per- 
pendicular to the P F through B. It va- 
ries but slightly in the distance n s from 
a right lino. 7t\ p\ £1 is a similar curve cut 
by a plane through L. The first one or 
two c j s's from the springing plane vary 
so slightly from a plane in the portion in- 
cluded between the inner and outer sur- 
faces of the arch that they might well 
enough be made exactly plane when the 
number of courses is large. 

This method of constructing the arch 
gives results therefore, as regards ten- 
dency to sliding in the coursing joints, 
intermediate between those found in the 
two methods previously considered, but 
approaching far more nearly to those ob- 
tained in the logarithmic method ; that 
is, the c j s's are nearly normal to the di- 
rection of pressure. 

An arch may also be constructed with 
the cow's horn soffit and plane coursing 
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joints sis follows : On any element, as M 
N, take points midway between the head- 
ing planes, and at these points draw nor- 
mals to the surface j through these nor- 
mals and the element pass planes which 
will form the c j s's. The coursing joint 
will then be cut in a series of steps, and 
a portion of the voussoirs will have a tri- 
angular vertical face midway between 
the two ends. If the Ex s be also cut 
in steps, the voussoirs will have all their 
faces plane except the soffit, and all their 
edges straight lines except the intersec- 
tions of the heading planes with the sof- 
fit. The construction of the drawings 
and cutting of the stones would thus be 
comparatively easy. 

What was said in treating of the loga- 
rithmic method with regard to the limit 
of obliquity by reason of the edges of 
the voussoirs becoming too sharp where 
a is less than 60°, applies equally well to 
this method of construction. In this 
case, however, as in that, segmental 
arches can be built in which a < 60°. 
Equation (51') could be used to ascertain 
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approximately the allowable span for a 
given radius and obliquity when the 
semi-axes of the elliptical directrices have 

the ratio to each other — = cos. a : that 

a 




99 



is, such that if the soffit were cylindrical, 

its right section would be a circle. 

If the curved directrices are circles, we 

may obtain an approximate result as 

follows, by supposing the soffit to be 

cylindrical. 

Let the angle PiV*P h = $, 

P r E D = y, 
AB*B° = a, 

the distance CP h = sei, 

DP V = yi, 
and /? = the angle between the P F and 
the tangent plane to the soffit (supposed 
cylindrical). 

A V v B° will then be a right section of 
the cylinder, and its equation will be, 
if V* p = r, 



u 

u 



x 1 



+ £=1. 



r 2 sin 2 a r 2 

The equation of the tangent plane to 
the cylinder will then be 

r 1 sin 1 a r* 

or y — i-s — x 

y\ y\ sin 1 a 

.*. tan y = X ^—i an< i 

y\ sin- a 



• * 
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sin y = . — A 

Vxi* +y{ 2 sin* a 

But by (51) sin y = cos & •= L_ 

cos a 2 cos a 

if we let /3 --= C0°. 

x. 1 



^i* +y l *sin A a 2 cos a 

.\ 4 x 9 cos 9 a = a;, 8 -}- 3/^ sin 4 a. 
Dividing by a?/, 

4 cos 9 a = 1 -f- y ' sw 4 a 






We have tan. = ?* , whence 

x x cosec a 



£l_ =^ tow 9 cosec 2 a. 



Substituting 

4 cos 9 or — 1 = tan 9 # sin 9 a 



tan$ = ^4 c^ 9 or — 1 w h enoe 

sm a: 

cos <P = 



t *• 



y-g— 
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(90) Oblique span = 2 r cos * 



2 to» a 

=. —7^ r tow a = 2r. — 

VS tan 60 



o' 



If a = 30°, oblique span = — - r. 

o 

2 

If or r= 45°, oblique span = —j- r = 1.1547 r 

In the cow's born soffit tbis formula, as 
well as (51'), will make tbe diedral an- 
gles at the edges of the voussoirs in the 
first course slightly greater or less than 
60°, according to their position in the 
course. The exact solution of the prob- 
lem involves an equation of the 4th de- 
gree with four real roots. 

COMPARISON ON THE THREE METHODS. 

There is one advantage possessed by 
the helicoidal method over each of the 
others j viz., that it may be constructed 
of brick. This is owing to the fact that 
the successive c j c's aro parallel, so that 
the voussoirs, except those at the ends of 
the courses, are all exactly alike, while in 
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the other 'methods each stone is "different 
from the next one, though the two halves 
of the arch on each side of the key- 
stone are alike, so that any stone cut 
for one side will fit also in the corre- 
sponding place on the other side. The 
fact that the different voussoirs are alike 
in the helicoidal method, of course les- 
sens the labor of preparing the drawings, 
and of making the necessary measure- 
ments. As regards the difficulty of cut- 
tiny the stones, however, this method 
does not seem to have any serious advan- 
tage over the others even by the approx- 
imate method of cutting which has been 
mentioned, while if the coursing and 
heading joint faces were cut with exact- 
ness, as Jielicoids, the difiiculty would be 
fully equal to if not greater than that by 
the other methods. 

It may be considered an advantage as 
regards appearance that the quoin-stones 
should be all alike, or rather those faces 
of the quoin-stones which coincide with 
the faces of the arch. This, of course, is 
the case only with the helicoidal method. 
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It apqears to me, however, that the grad- 
ual decrease in the size of these faces 
from one side of the arch to the other 
would not be displeasing to the eye, 
when taken in connection with the direc- 
tion of the c j c's which would make the 
reason for the decrease obvious. The 
real test, however, is of the relative value 
of the different methods would appear to 
be that of security. "When this test is 
applied, the logarithmic and cow's horn 
methods both excel by far the helicoidal. 
It has been shown that in the last men- 
tioned, when semi-circular, there is al- 
ways a tendency to sliding on the cours- 
ing joints, both above anetrbeiow a cer- 
tain point ; that is, the assumed direction 
of pressure is nowhere normal to the 
coursing joints except at a certain height 
above the springing plane equal to r sin. 
39° 32' 23", and that near the springing 
plane this tendency to sliding increases 
rapidly with the obliquity up to a = 20° 
(about) j while in the logarithmic meth- 
od along each c j c this tendency is zero j 
that is, the assumed direction of pressure 
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is normal to the c j s at any point of the 
c j c, and in the cow's horn the tendency 
is small as compared with the helicoidaL 

The logarithmic method, therefore, 
seems to approximate to theoretical per- 
fection as regards security, is followed 
closely by the cow's horn, and at a great 
distance by the helicoidaL 

The cow's horn soffit admits of plane 
coursing-joints, as has been shown, which 
are not feasible in the others, and thus 
possesses an advantage over them, if such 
an approximate construction be desira- 
ble. If cheapness be an important item 
to be considered, the last-mentioned 
method would seem to present most ad- 
vantages, as avoiding almost entirely the 
use of curved surfaces, and at the same 
time reducing the sliding tendency to a 
small amount. 

If the main thing to be considered is 
security, the logarithmic method must 
stand first 
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BAUMEI8TER (R.). The Cleaning and Sewage of 
Cities. Adapted from the German with permission 
of the author. By J. M. Goodell, C. E. Second 
edition, revised and corrected, together with an 
additional appendix. 8vo, cloth. IlTust rated 2 00 

BEAUMONT (ROBERT). Color in Woven Design. 
With 32 Colored Plates and numerous original illus- 
trations. Large 12mo 7 50 

BEAUMONT, W. and DUGALD CLERK. Auto- 
cars and Horseless Carriages (In Press.) 

BECKWITH (ARTHUR). Pottery. Observations I 

on the Materials and Manufacture of Terra-Cotta, 
Stoneware. Fire-Brick, Porcelain. Earthtnware, ' 

Brick, Majolica, and Encaustic Tiles. 8vo, paper. 
Second edition 00 i 

BERNTHSEN (A.). A Text-Book of Organic Chemis- j 

try. Translated by George M'Gowan, Ph. D. ihird 
English edition. Revised and extended by author j 

and translator. Illustrated. l2mo, cloth 2 50 

BERTIN (L. E.). Marine Boilers: Their Construc- 
tion and Working, dealing more especially with 
Tubulous Boilers. Translated by Leslie S. Robertson, 
Upward of 250 illustrations. Preface by Sir William 
White. 8vo, cloth. Illustrated 7 50 

BIGGS (C. H. W.). First Principles of Electricity 
and Magnetism. Being an attempt to provide an 
Elementary Book for those intending to enter the 
profession of Electrical Engineering. Second edition. 

12mo,cloth. Illustrated 2 00 f 

< 
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BLAKE (W. P.). Report upon the Pr cious Metals. 
Being Statistical Notices of the principal Gold and 
Silver producing regions of the world, represented 
at the Paris Universal Exposition. 8vo, cloth. 8 00 

Ceramic Art. A Report on Pottery, Porcelain, 

Tiles, Terra-Cotta, and Brick. 8vo, cloth 2 00 

BLAKESLEY (T. H.). Alternating Currents of Elec- 
tricity. For the use of Students and Engineers. 
Third edition, enlarged. 12mo, cloth 1 60 



•  



BLOUNT (BERTRAM). Electro-Metallurgy . . 

(In Press.) 

BLYTH (A. WYNTER, M. R. C. S., F. C. S.). 
Foods : their Composition and Analysis. A M <nual 
for the use of Analytical Chemists, with an Intro- 
ductory Essav on the History of Adulterations, with 
numerous tables and illustrations.. Fourth edition, 
revised and enlarged. 8vo, cloth 7 60 

— Poisons : their Effects and Detection. A Manual 
for the use of Analytical Chemists and Experts, 
with an Introductory Essay on the growth of Modern 
Toxicology. Third edition, revised and enlarged. 
8vo, cloth 7 60 

BODMER (G. R.). Hydraulic Motors ; Turbines and 
Pressure Engines, for the use of Engineers, Manu- 
facturers and Students. Second edition, revised and 
enlarged. With 204 illustrations. 12mo, cloth 5 00 

BOII/E IU (J. T.). A New and Complete Set of 
Traverse Tables Showing the Difference of Latitude 
and Depar ure of every minute of the Quadrant and 
to five places of decimals. 8vo, cloth 5 00 

BOTTONE (S. R.). Electrical Instrument Making for 
Amateurs. A Practical Hand-book. With 48 illus- 
trations. Fifth ed.tion, revised. 12mo, cloth 60 

Electric Bell*, and all about them. A Practical 

Book for Practical Men. With raor^ than 100 illus- 
trations. 12mo, cloth. Fourth edition, revised and 
enlarged 60 

The Dynamo : How Made and How Used. A 
Book for Amateurs. Eighth edition. l2mo, cloth... 1 00 
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BOTTOM E (8. K.). Electro Motors : How Made and 
How Used. A Hand-book for Amateurs and Practical 
Men. Second edition. 12mo, cloth 50 

BONNET (G. E.). The Electro-Platers* Hand-book. 
A Manual for Amateurs and Young Students on 
Electro-Metallurgy. 60 illustrations, 12mo, cloth . . 1 90 

BOW (R. H.). A Treatise on Bracing. With its appli- 
cation to Bridges and other Structures of Wood or 
Iron. 156 illustrations. 8vo, cloth 150 

BOWSER (Prof. E. A.). An Elementary Treatise 
on Analytic Geometry. Embracing Plane Geometry, 
and an Introduction to Geometry of three Dimen- 
sions. 12mo, cloth. Nineteenth edition 1 75 

An Elementary Treatise on the Differential and 

Integral Calculus With numerous examples. 
12mo, cloth. Sixteenth edition 2 25 

An Elementary Treatise on Analytic Mechanics. 

With numerous example**. 12mo, cloth. Twelfth 
edition 3 00 

An Elementary Treatise on Hydro-Mechanics. 

With numerous examples. 12mo, cloth Fifth 
edition 2 50 



— A Treatise on Roofs and BrMges. With Numerous 
Ex rcises. Especially adapted for school use. 12mo, 
cloth. Illustrated net 2 25 

— Academic Algebra. Third edition. 12mo, cloth.. 1 25 

— College Algebra. Fourth edition. 12mo, cloth .. 1 75 



Elements of Plane and Solid Geometry. 12mo, 

cloth. Second edition 1 40 

BOWIE (AUG J., Jun., M. E.). A Practical Treatise 
on Hydraulic Mining in California. With Description 
of the Use and Construction of Ditches, Flumes, 
Wrought- iron Pipns and Dams ; Flow of Water on 
Heavy Grades, and its Applicability, under High 
Pressure, »o Mining. Fifth edition. Small quarto, 
cloth. Illustrated 5 00 

BURGH (N. P.). Modern Marine Engineering, applied 
to Paddle and Screw Propulsion. Consisting of 88 
colored plates, 259 practical woodcut illustrations. 
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and 408 pages of descriptive matter. The whole 
being an exposition of the present practice of James 
Watt & Co., J. & G. Rennie, R. N <pier & Son*, and 
other celebrated firms. Thick quarto, half morocco. 10 00 

BURT (W. A.). Key to the Polar Compass, and 
Surveyor's Companion. Comprising all the rules 
necessary for use in the fie d ; also description of 
the Linear Surveys and Public Land System of the 
United States. Notes on th» Ba ometer, Suggestions 
for an Ouflt for a Survey of Four Months, etc. Fifth 
edition. Pocket-book form, tuck 2 50 

CALDWELL, (G. C), and A. A. BEENKMAN. 
Manual of Introductory Chemical Practice. For 
the use of Students in Colleges and Normal and 
High Schools. Fourth edition, revised and corrected. 
8vo, cloth Illustrated 1 50 

CAM PIN (FRANCIS). On the Construction of Iron 
Roofs. A i heoretical and Practical Treatise, with 
wood cuts and Plates of Roofs recently executed. 
8vo, cloth 2 00 

CARTER (E. T.). Motive Power and Gearing for 
Electrical Machinery. A Treatise on the Theory 
and Practice of the Mechanical Equipment of Power 
Stations for Electric supply and for Llectic Traction. 
8vo, cloth. Illustrated 5 00 

CHAMBER'S MATHEMATICAL TABLES, con- 
sisting of logarithms of Numbers 1 to 108,000, Trigo- 
nometrical, Nautical, and other tables. New edition. 
8vo, cloth 1 75 

CHAUVENET (Prof. W.). New Method of Correct- 
ing Lun'ir Distances, and Impiovel Method of 
Finding tlie Krror and Rate of a Chronometer, by 
Equal AltivUdes. 8 vo, cloth 2 00 

CHRISTIE (W. WALLACE). Chimney Design and 
'1 heory. A Book for Engine ers wnd Architects, with 
numerous half -tone i 1 1 unirati ns aud plates of famous 
chimney s. 12uqo, cloth 3 00 

CHURCH (JOHN A.). Notes of a Metallurgical 
Journey in Europe. 8vo, cloth . 2 00 

CLARK D. (K INN FAR, C. F.). A Manual of Rules, 
Tables and Data for Mechanical Engineers. Based 
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r-n the most recent investigations. Illustrated with 
numerous diagrams. 1,012 pages. 8vo, cloth. Sixth 

edition 5 00 

Half morocco 7 50 

CLARK D. (KINNEAR, C. E.). Fuel ; its Combust- 
ion and Economy, consisting of abridgements of 
Treatise on the Combustion of Coal. By C. W. 
Williams; and the Economy of Fuel, by T. 8. 
Prideaux With extensive additions in recent prac- 
tice in the Combustion and Economy of Fuel. Coal, 
Coke, Wood, Peat, Petroleum, etc. Fourth edition. 
12mo, cloth 150 

The Mechanical Engineer's Pocket-book of Tables, 

Formulae, Rules and Data. A Handy Book of 
Reference for Daily Use in Engineering Practice. 
16mo, morocco. Second edition 3 00 

Tramways, their Construction and Working, em- 
bracing a comprehensive history of tbe system, 
with accounts of the various mod's of traction, a 
description of the varieties of rolling stock, and 
ample details of Cost and Working Expenses. 
Second edition. Re-written and greany enlarged, 
with upwards of 400 illustrations. Thick 8vo. cloth. 00 

The Steam Engine. A Treatise on Steam Engines 



and oilers ; comprising the Principles and Practice 
of the Combustion of Fuel, the Kconom cal Genera 
tion of Steam, the C nstruction of Steam Boilers, and 
the Principle*, Coiihtructi<«n and Performance of 
Steam Engines, Stationary, Portable, Locomotive 
and Marine, exemplified in Engines and Boilers of 
recent date. 1,300 figures in the text, and a series 
of folding plates drawn 10 scale. 2 vols. 8vo, cloth. 15 00 

CLARK (JACOB M.). A new System of Laying Out 
Railway Turn-outs instantly, by inspection from 
Tables 12mo, leatherette 1 00 

CLAUSEN-THU (W ). The A. B. C. Universal C m- 
mercial Electric Telegraphic Code ; especially 
adapted for tbe use of Financiers, Merchants, Ship 
owners, Brokers, Agent, etc. Four, h edition. 8vo, 
cloth. 5 00 



— The Al Universal Commercial Electric Telegraphic 
rode. Over J 240 pp., and nearly 10.000 variations. 
6va,.cloth 7 50 
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CLEKHANN (THOS. M.). Tbe Railroad Engineer's 
Practice. Being a Short but Complete Description 
of the Duties of the Young Engineer in the Prelimi- 
nary and Location Surveys and in Construction. 
Fourth edition. Revised and enlarged. Illustrated. 
12010,01001 1 50 

CLERK (DUG ALU). Auto-cars or Horseless Vehicles. 
About 300 pp , 60 illustrations (In Press.) 

CLEVENGER (S. R.). A Treatise on the Method of 
Government Surveying as prescribed by the U. S. 
Congress and Commissioner of the General Land 
Office, with complete Mathematical, Astronomical 
and Practical Instructions for the use of the United 
States Surveyors in the field. 16mo, morocco 2 50 

COFFIN (Prof. J. H. C). Navigation and Nautical 
Astronomy. Prepared for the u-e of the U. s. Naval 
Academy. New Edition. Revised by Commander 
Ch-irles Belknap. 52 woodcut illustrations. 12mo, 
cloth net. 8 50 

COLE (R. 8., M. A.). A Treatise on Photographic 
Optics. Being an account of the Principles of * 
Optics, so far as they apply to Photography. 12mo, 
cloth, 103 illustrations and folding plates 2 50 

COLLINS (JAS. E.). The private Book of Useful 
Alloy .4, and Memoranda for Goldsmiths, Jewelers, 
etc. 18mo, cloth 50 

CORNWALL (Prof. H. B.). Manual of Blow-pipe 
Analysis, Qualitative and Quantitative. With a 
Complete System of Descriptive Mineralogy. 8vo, 
cloth. With many illustrations 2 50 

CRAIG (B. F.l. Weights and Measures. An Account 
of the Decimal System, with Tables of Conversion 
for Commercial and Scientific Uses. Square b2mo, 
limp cloth 50 

CROCKER (F. B.). Electric Lighting. A Practical 
Exposition of the Art, for use of Engineers. Students, 
and others interested in the Installation or Operation 
of Electrical Plants. Second edition. Revised. 

6vo, cloth. VoL 1. The Generating Plant 8 00 

Vol.2 (In Press.) 
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CROCKER, (F.B.), *nd S. 8. WHEELER, The 
Practical Management of Dynamos and Motors. 
Fourth edition (eighth thousand). Revised and 
enlarged With a special chapter by H. A. Foster. 
12mo, cloth. Illustrated 100 

CUM * ING (  INN.2EUS M . A.). Electricity treated 
Experimentally. For the use of Schools and Students 
New edition. 12mo, cloth 1 50 

DA VIES (E. H.). Machinery for Metalliferous Mines. 
A Practical Treatise ft r Mining Engineers. Metallur- 
gists and Manufacturers. With upwards of 300 
illustrations. 8vo, cloth 5 00 

DAVIS (JOHN W., C. E.). Formulae for the Calcu- 
lation of Kail road Excavation and Embankment, 
and for finding Average Haul. Second edition. 
Octavo, half roan 150 

DAT (CHARLES). The Indicator and its Diagrams. 
With Chapters on Engine and Boiler Testing; 
Including a Table of Piston Constants compiled by 
W. H. Fowler. 12mo, cloth. 125 illustrations 2 00 

DERR (W. I,.)* Block Signal Operation. A Practical 
Manual. Oblong, cloth 1 50 

DIXON (D. B.). The Machinist's and Steam Engineer's 
Practical Calculator. A Compilation of Useful Rules 
and Problems arithmetically solved, together with 
General Information applicable to Shop-Tools, Mill 
Gearing, Pulleys and Shafts, Steam-Boilers and 
Engines. Embracing valuable Tables and Instruc- 
tion in Screw cutting, Valve and Link Motion, etc. 
16mo, full morocco, pocket form — 1 25 

DODD (GEO). Dictionary of Manufactures, Mining, 
Machinery, and the Industrial Arts, 12mo, cloth ... 1 50 

DORR (B. F ). The Surveyor's Guide and Pocket 
Table Book. 18mo, morocco flap.-. Third edition... 2 00 

DRAPER (C. H.). An Elementary T*it Bnok of 
Light, Heat and Sound, with Numerous Examples. 
Fourth edition. 12mo, cloth. Illustrated 1 00 

Heat and the Principles of Thermo-Dyramics. 

With many illustrations and numerical examples. 
12mo, cloth 1 50 
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DUBOIS (A. JO. The New Method of Graphic 
Statics. With 60 illus rations. 8vo. cloth. : 1 50 

EDDY (Prof. H. T.). Researches in G'aphical 
Btiti 8 Kmbraoing New Ooi-ttructions in Uraphi- 
cal Htatics, a New General Met' od in Graphical 
gta'i, s, ad Ihn Theory of Internal Stress in Graphi- 
cal Statics. 8vo, cotu 160 

Maximum Stresses under Concentrated Loads. 

Treated graphically. II ustratecL 8vo, cloth 1 50 

BISSIJBB (M.). The M« tallurgv of Gold ; a Practical 
Trtatse on the Metallurgical Treatment of Gold- 
Bearing Orf s, iorludir g the Process s of Concern ra- 
tion and Chlorination, and the Assaying* Meltine 
and Rt fining of Gol i. H*< urth Edition, t* vis* d and 
greatly enlarged. 187 Must rat lot s. 12mo, clcth 5 00 

The Metallurgy of Silver ; a Practical Treatise on 

the Amalgamation, Roas ingardLlaivatioorf S lver 
Ores. Including the Assaying, Melting and R fining 
of Silver Bullion. 124 illust ations. Second t ditto", 
enlarged 12clo, cloth 4 00 

The Metallurgy of Argent! r erou* Lead; a Practi- 
cal Treatise on the Smelting of Si' ve- Lead O esa* d 
the R* fining of Le%d Bu lion Including R ports 
on Vari ui Smelling E»tab ishmri ts ard Descrip- 
tions of Modern Smelting Fun a r es and Plants in 
Eur pe and America. W ith 183 illustratio s. 8vo, 
cloth 5 00 

Cyanid* Proof ss for the Extract 'on of Gold an- 1 

its Practical Applicati n on th« Wit' at rsra^ dGo'd 
Fields in South A rica. Second edi'i- n. Enlarged 
8vo, cloih. Illustrations at d ( oldi g plates 3 00 



A Hand-book on Moden Exrlosivep, beta? a 



Practictl Treatise on tne Manufacture and use of 
Dynamte, Gun Cotton, Nitro Gly^rin* a dctn*r 
JExpl^iv* Compourds. fnclud ng the manufacture 
of Of l'odion -Cotton, with chapters on ezpl sives in 
practic 1 apr li ation. Se ond edition, enla> g^dw ith 
160 illustrations. 12mo, cloth 5 00 

ELIOT (C. W ), and STORER (F. H.). A compen- 
dious Manual of Qualitative Chem'cal Anal sis. 
Revisd with the co-rp rat on of the aufi< rs, »y 
P of . William R. Nichols. Illustrat d. Nineteentu 
edition, newly revised by Prof. W. B. Lindsay. 12mo, 
cloth 1 35 
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ELLIOT (MaJ.GEO. H.). European Light-House 
&\ stems. 6 in c a R port of a Tour of ins <ection 
made in 1873. 51 en<f»av ngs a id 21 woodcuts. 8vo, 
cloth 500 

ELLISON (LEWIS M.). P actical And cation of 
the Indicator. With -efer^nc to  h * adjustment of 
Valv« Uea on 'U styles n' Engines. Second edition, 
revls d. 8vo, clotb, 100 illustrations 2 00 

EVERETT (J. D.). Elementary Text-Book of 
Physic j. Illustrated. Seventh edition. 12aio, cloth 1 50 

EWING (Prof. A. J.). The Ma?m>tic Induction in 
Iio j and o:Ler metils 159 illus rations. 8vo, cloth 4 00 

FANNING (J. T.). A Practical Treatise on Hydrau- 
lic and Wat r-Sup;-lv En ineerinr. Relitingto the 
Hydro o.y, Fydro-dyn mics t and P'*ctc 1 Con- 
struction • f Wat**r- Works i i N« rth America. 180 
i u -orations 8vo, cloth. Fourteenth edition, revis- 
ed, *nlar ed. and new tables and illus rations added. 
650p»ges 5 00 

FISH (J. C. L.). L«tterin? of Working Drawings. 
Thirt en plats, with desjript ve t zc. Oolong, 
9x i2tf. boards 1 00 

FISKE (Lieut. BRADLEY A., IT. S. N.) Bl'C'ric- 
nyinTheDry anl Pncice; « r, Th-j E'ement* r»f 
II c,r c*l Engineering Eighth edition. 8?o, tloth 2 50 

FISHER (H. K. C. and DARBV, W. C.\ 8'udtnts' 

Guide t i Subm »rine Cabld Testing. 8vo, cloth 2 50 

FISHER (W. C). The P ten iometer and itsAd- 
jun ts 8vj, d-.th 2 25 

FLEISCHMANN (W.). Th* Rook of f h« Dairy. A 
Manual of ire Science and Practice of Dairy Work. 
Translated from the Germ «n, by C. M. Attrma.ii and 
R. Patrick W rigat. 8vo, cloth 4 00 

FLEMING (Prof. J. A.). Th* Alternate Current 
Transformer in Theor and Practice Vol. 1— The 
Induction < f Kle m ic Currents; 611 pages. New edi- 
tion. Illu rat d. 8vo, clo h . . 5 00 

Vol.2. Th« Utilization of Induced Currents. Dlus- 

t rat id. 8vo, cloth 5 00 

ElcctrifLamrsand Electric Light ng. Being a 
cours » of four 1 cruras d livered a the Roy a < Ins I- 
tution, April-May, 1894. 8vo, cloth, fully iuus ra.ed 8 00 
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FLEMING (Prof. J. A.)* Electrical Laboratory 
Not a and Forms, Elementary and advanced. 4t j, 
cl jth, iilustr. ted 500 

FOLEY (NELSON), and TBOS. PRAY, Jr. The 

Mec anical Engineers' Refe ence B ok for Mao) ine 
and Boiler Construction, in 2 pirt s. Parti General 
Engin ering Data. P«rt 2— Boile - I'onstru-tim. 
Win flf y-one plates And numerous illusir^tioas, 
specially drawn for this work. Folio, talf mor 25 00 

FORNEY (MATTHIAS N.). Cate hism o' t s e Loco 
m tive. Second e tion, r vised and enlarged, 
i orty-sixth thousand. 8vo, clotu 8 50 

FOSTER (Gen. J. G., U. S. A.). Submarine Blasting 
in Boston Harbor, Massachuse ts. Remova of 
Tow**r and C ^rwiu Rocks. Ill Pirated with 7 plates. 
4to. clota 3 50 

FOSTER (H. A.). Electrical Engineers' Pocke 1 Book. 
1000 razes with the collaboration of Eminent 
Specialists (ingress) 

FOSTER (JAMES). Treatise on the Evaporation 
on Saccharine, Chemical and other Liquids by ths 
Multiple System in Vacuum and Open Air. Secon 1 
edition Diagrams and lar e i lates. 8v j, cloth 7 60 

FOWLER. Mechanical Engineers' Pocket Book for 
1900 <.... 100 

FOX (WM,), and C. W. THOMAS. M. E. A 

Practical i'onr-te in Mechanical Drawin . 12mo 
cloth with plates 1 26 

FRANCIS (J AS. B., C. E.). Lowell Hrdraulit 
Experiments. Beinra selection rom exoeri . ents 
»n Hydraulic Motor-, on tr Flow of Wat r« ver 
Weirs, in open Canals of uniorm rectangular 
s ction, and through submerged Orifices and 
diver ing Tub s. Male atL well, M ss. Fourth 
* dition, revised wnd enlarged, with many n w experi- 
ments, and il ustrated with 23 cupper i>l te engrav- 
ings 4to, cloth 15 00 

FROST (GEO. H.). Engineer's Field Book. By C. 
S. Cross. To which are added seven chapters on Rail* 
road Location and Construction. Fourth edition. 
12mo, cloth 100 
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FULLER (GEORGE W.). Report on the Investiga- 
tions into the Purification of the Ohio River Water 
at Louisville, Kentucky, made to the President and 
Directors of the Louisville Water Company. Pub 
lished under agreement with the 'Directors. 4 to, 
cloth. 8 full page plates. net 10 00 

GEIPEL (WM.), and KIXGOUR, (M. H.) A 

Pocketbook of Electrical Engineering Formula. Il- 
lustrated. 18mo, morocco 3 00 

Large paper edition, wide margins. 8vo, morcco, 
gilt edges 6 00 

6EBBEB (NICHOLAS). Chemical and Physical 
Analysis of Milk, Condensed Milk and Infant's Milk- 
Food. 8vo, cloth 126 

GIBBS (WILLIAM F.). Lighting by Acetylene, Gen- 
. erators. Burners and Electric Furnaces. With OS 
illustrations. Second edition revised. 12mo, cloth. . 1 50 

GILLM ORE (GEN. Q. A.). Treatise on Limes, Hy- 
raulic Cements, and Mortars. Papers on Practical 
Engineering, United States Engineer Department, 
No 9, containing Reports of numerous Experiments ~ 
conducted in New York Cityduring the years of 1858 
to 1861, inclusive. With numerous illustrations. 8vo 
cloth 400 

Practical Treatise on the Construction of Roads. 

Streets, and Pavements, with 70 illustrations. 12mo, 
cloth 2 00 

Report on Strength of Building Stones in the 

United States, etc. 8vo, illustrated cloth 1 00 

GOLDIN/G (HENRY A.). The Theta-Phi Diagram. 
Practically applied to Steam, Gas, Oil and Air En- 
gines. 12mo, cloth. Illustrated net 1 25 

GOODEVE (T. M.). A Text-Book on the Steam En- 
gine. With a Supplement on Gas-Engines. Twelfth 
Edition, enlarged. 143 illustrations. 12mo, cloth. . . 2 00 

GORDON (J. E. H.). School Electricity. Illustra- 
tions. 12mo, cloth 2 CO 

GORE (G., F. R. $.)• The Art of Electrolytic Separa- 
tion of Metals, etc. (Theoretical and Practical.) 
Illustrated. 8vo, cloth 3 60 



Electro Chemistry Inorganic. Third Edition. 



8vo, cloth 80 
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GOULD (E. HHEBMAN). The Arithmetic of the 
Steam Engine. 8vo, cloth 100 

GRIFFITHS (A. D., Ph. D.). A Treatise on Manures, 
or the Philosophy of Manuring. A Practical Hand- 
Book for the Agriculturist, Manufacturer and 
Student. 12mo, cloth 3 00 

GBOVEB (FREDERICK). Practical Treatise on 
Modern Gas and Oil Engines. 8vo, cloth. Illustrated 2 00 

GUBDEN (RICHARD IXOYD). Traverse Tables: 
computed to 4 places Decimals for every ° of angle 
up to 100 of Distance. For the use of Surveyors and 
Engineers. New Edition. Folio, half morocco. ..7 50 

GUY ARTHUR (F.). Electric Light and Power, 
giving the Result of Practical Experience in Central 
- Station Work. 8vo, cloth. Illustrated 2 60 

HAEDER (HERM AN C. E.). A Hand book on the 
Steam Engine. With especial reference to small 
and medium sized engines. English edition re-edited 
by the author from the second German edition, and 
translated with considerable additions and altera- 
tions by H. H. P. Powels. 12mo, cloth. Nearly 1100 
illustrations 3 00 

HALL (WM, S. Prof.). Elements of the Differential 
and Integral Calculus. Second edition. 8vo, cloth. 
Illustrated net 2 25 

HAI.SE Y (F. A.). Slide Valve Qears; an Explanation of 
the action aud Construction of Plain and Cut-off 
Slide Valves. Illustrated. 12mo, cloth. Sixth 
edition. 150 

The Use of the Slide Rule. Illustrated with 

diagrams and folding plates. 16mo, boards 50 

HAMILTON (W. G.). Useful Information for Rail- 
way Men. Tenth Edition, revised and enlarged. 
662 pages, pocket form. Morocco, gilt 2 00 

HANCOCK (HERBERT). Text Hook of Mechan- 
ics and Hydrostatics, with over 500 diagrams. 8vo, 
cloth 175 

HARRISON (W. B.). The Mechanics' Tool Book. 
With Practical Rules and Suggestions fo- use of 
Machinists, Iron- Workers, and others. Illustrated 
with44 engravngs. 12mo, cloth 150 
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HASKINS (C. H.). The Galvanometer and its Uses. 
A M nual tor Electricians and Students. Fourth 
edition. 12rao. c'.o h 150 

HAWKE (WILLIAM H.). The Premier Cipher 
Telegraphic Code Containing 100,000 Words and 
Phrases. The most complete and most useful general 
code ) et published. 4to, cloth 5 00 

100.000 Words; Supplement to the Premier Code. 

All the words are select •< from ihe official vocabu- 
lary. Oblong qua ito, cloth 4 20 

HAWKINS (C. C.) and WALLIS (F.). Th » Dynamo; 
its The ry, Design and Manufacture. 190 illustra- 
ti ns, 12mo, cloth 300 

HAY (ALFRED). Principles of Alternate-Current 
Working lsJmo, cloth, il.ustraed ... ... 2 00 

HEAP (Major I>. P., U. S. A.). Electrical Appliances 
of th * Present Day. Report * f the Paris Electrical 
Exposition of 1881 250 illustrations. 8vo, cloth 2 00 

HEAVISIDE (OLIVER). Elect -omagnetic Theory. 
8vo, c otu, two volumes t ac j 6 00 

HENRICI (OLAUS). Skeleton Structures. Applid 
to ihe Building of S eel and Iron B. idges. Illustrated 1 50 

HERRMANN (GUST A V). The Graphical Statics of 
M onanism. A Guide for t e Use of Machinists, 
Archil ec s, and Engineers: and also a Tex -book for 
Technical Schools. Translated a d annotated bv A. 
P. Smith, M. E. 12 no, cloth, 7 folding plat s. Third 
Edition 200 

HERMANN (FELIX). Painting on Glass and Porce- 
lai • ^nd Enamel Pai iting. On the Basis < f Personal 
Practical Expe ience f the < ondition < f the Art up 
to date Translated by Charles Salter. Second 
greatly enlarged edition, bvo, cloh, Illustrations, 
net 350 

HEWSON (WM.). Princ pies and Praci~e of Em- 
banki' g L nds f ^m River Floods, as applied to the 
Levees of the Mississi, pi. 8vo, cloth 200 

HILL (JOHN W.). Th- Purification of Public Water 
supplies. Illustrat d with \* uable Tables. Dia- 
grams and Cuts 8vo, clotu, 804 pa^es — 8 00 

The Inter, reta i n of Water Analyses. (In Press) 
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HORB3 (W. R. P.). The Arithmetic of Electrical 
Measurements, with numerous examples. Fully 
Worked. 12mo, cloth 50 

HOFF (WM. B., Com. U. S. Navy). The Avoidance 
of Collision* at Sea. 18m , moroc o 75 

HOLLET (ALEXANDER I*). Railway Practice. 
American and Europe. n Rai way p-actice i i the 
Economical Generation of Steam. 77 lithographed 
plates. Folio, cloth 12 00 

HOLMES (A. BROMLEY). The Elect 'ic L*ght Po- 
1 ularly Explained. Fifta Edition Illustr ted. 12m d, 
paper 40 

HOPKINS (NEVIL M.). Model Engines and smaU 
Bo t >. New Methods of E gine and Boiler Making 
with a chapter on El mentary Ship D sign and 
Cons ruction. 12 -uo, cloth 1 25 

HOSPITALIER (E.). Polyphased Alternating Cur- 
reais. Illustrated. 6vo, cloth 1 40 

HOWARD (C. R.). E«rhwnrk Men urati~n on the 
Bi-is o' t <e Prismoid'l Formulae. Containing 
Simp'* and La 1 or-saving Methods of obtaining Pris- 
moidal Contents directly from End Areas. Illustra- 
ted by Kxamp ► s and accompanied by Plain Rules 
for Practical uses lllu tra ed . 8vo, cloth 1 50 

HUMBER (WILLIAM, C. E.). A Hindy Book for 
the Calculatio 1 of Strains in Girde s and Similar 
Structur s, and their S rengih; Consisting of 
Formulae and Corr spoDd ng Diagrams, with 
numerous details for practical application, etc. 
F.urthEdilioj. 12mo, cloth 2 50 

HURST (GEORGE H J. Colour: A Hand-book of the 
Theory of Colour. Containing ten coloured plates 
and 72 diagrams. 8vo, cloth. Illustrated. Price... 2 50 

— Lubricating Oils, Fats and Greases . Their Origi 1, 
Preparatio •, Properties, Uses a. d Analysis. 313 
p.gcS, with 65 illustra ions 8vo, cloth 3 00 

— Soaps; A P actual Manual of the Manufacture of 
Dom k ic. Toilet ado her Soaps. Illustrat d wit a 

66 Eagravings. 8vo, cloth... 5 00 
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HUTCHINSON (W. B.). Patents and How to Make 
Mo ey out of Them. Member of New York Bar. 
12mo, cloth. New York, 1899 125 

HUTTON (W. S.). Steam Boiler Construction. A 
Practical Hand-book for Engineers, Boiler Makers 
and Steam Users. Containing a large collection 
of rules and data relating to recent practice in the 
design, construction, and working of all kinds of 
stationary, locomotive and marine steam boilers. 
With upwards of 500 illustrations. Third edition. 
Carefully revised and much enlarged. 8vo, cloth.. . 6 00 

— Practica Engineer's Hand-book, Comprising a 
treatise on Modern Engines and Boilers, Marine, 
Locomotive and Stationary. Fourth edition. Care- 
fully revised with additions. With upwards of 570 
illustrations. 8vo, cloth 7 00 

The Works* Manager's Hand-book of Modern 



Rules, Tables, and Data for Civil and Mechanical 
Engineers. Millwrights and Boiler Makers, etc., etc. 
With upwards of 150 illustrations. Fifth edition. 
Carefully revised, with additions. 8vo, cloth 6 00 

INNES (CHARLES H.). Problems in Machine Design. 
For the Use of Students, Draughtsmen and others. 
12mo, cloth. 1 50 

Centrifugal Pumps, Turbines and Water Motors. 

Including the Theory and Practice of Hydraulics. 
12mo, cloth 1 50 

ISHKRWOOD (B. F.). Engineering Precedents for 
Steam Machinery. Arranged in the most practical 
and useful manner for Engineers. With illustra- 
tions. 2vols.ini. 8vo, cloth 2 50 

JAMESON (CHARLES D.). Portland Cement. Its 
Manufacture and Use. 8vo, cloth 1 50 

JAMIESON (ANDREW C. E/>. A Text-Book on 
Steam and Steam Engines. Specially arranged for 
the use of Science and Art, City and Guilds of London 
Institute, and other Engineering students. Tenth 
edition. Illustrated. 12mo, cloth 8 00 

 Elementary Manual on Steam and the Steam 
Engine. Specially arranged for the use of First- 
Year Science and Art, City and Quilds of London 
Institute, and other Elementary Engineering 
Students. Third edition, Ufcno, cloth 1 40 
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JANNETTAZ (EDWARD). A Guide to the Deter- 
initiation of Bocks : being an Introduction to 
Lithalogy. Translated from the French by G. W. 
Plympton, Professor of Physical Science at Brook- 
lyn Polytechnic Institute. 12mo, cloth 1 50 

JOHNSTON, Prof. J. F. W., and CAMERON, Sir 

CHAS. Elements of Agricultural Chemistry and 
Geology. Seventeenth edition. 12mo, cloth 2 60 

JOYNSON (F. H.). The Metals used in Construction. 
Iron, Steel, Bessemer Metal, etc. Illustrated. 12mo, 
cloth 75 

Designing and Construction of Machine Gearing. 

Illustrated. 8vo, cloth 2 00 

KANSAS CITY BRIDGE (THE.) With an Account 
of the Regimen of the Missouri River and a Descrip- 
tion of the Methods used for Founding in that River. 
By O. Chanute, Chief Engineer, and George Morri- 
son, Assistant Engineer. Illustrated with 5 litho- 
graphic views and 12 plates of plans. 4to, cloth. . . 6 00 

KAPP (GTSBERT C. E.). Electric Transmission 
of Energy and its Transformation, Subdivision, and 
Distribution. A Practical Hand-book. Fourth 
edition, revised. 12mo, cloth. 3 50 

Dynamos, Alternators and Transformers. 138 

Illustrations. 12mc, cloth 4 00 

KEMPE (H. R.). The Electrical Engineer's Pocket- 
Book of Modem Rules, Formulae, Tables and Data. 
Illustrated. 32mo, mor. gilt 175 

KENNELLY (A. E.). Theoretical Elements of Elec- 
tro Dynamic Machinery. 8vo, cloth 1 50 

KILGOUR, M. H., SWAN, H., and PIGGS, C. H. 

W. Electrical Distribution; its Theory and Practice. 
174 Illustrations. 12mo, cloth 4 00 

KING (W. H.). Lessons and Practical Notes on 
Steam. The Steam Engine. Propellers, etc., for 
Young Marine Engineers, Students, and others. 
Revised by Chief Engineer J. W. King, United States 
Navy. Nineteenth edition, enlarged. 8vo, cloth . . . . 2 00 

KINGDON (J. A.). Applied Magnetism. An intro- 
duction to the Design of Electromagnetic Apparatus. 
Svo.cloth 3 00 
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KIRKALDY (WM. G.). Illustrations of David Kirk- 
aldy's System of Mechanical Testing, as Orig nated 
a nd Carried On by him during a Quarter of a Ceutury. 
Comprising a Large Selection of Tabulated Results, 
showing the Strength and other Properties of Mate- 
rials used in Construction, with explanatory Text 
and Historical Sketch. Numerous engravings and 
25 lithographed plates. 4to, cloth 90 00 

KIRK WOOD (J AS. P.). Report on the Filtration of 
River Wa'ers for the supply of Cities, as practised in 
Europe, made to the Board of Water Commissioners 
of the City of St. Louis. Illustrated by 30 double- 
plate engravings. 4to, cloth 7 50 

LARRABEE (C. S.). Cipher and Secret Letter and 
Telegraphic Code, with Hog's Improvements. The 
most perfect Secret Code ever invented or discov- 
ered. Impossible to read without the key. 18mo, 
cloth 60 

LAZELLE (H. M.). One Law in Nature. A New 
Corpuscular Theory comprehending Unity of Force, 
Identity of Matter, and its Multiple Atom Constitu- 
tion, etc. 12mo, cloth 1 60 

LEASK (A. RITCHIE). Breakdowns at Sea and 
How to Repair Them. With eighty-nine Illustra- 
tions. 8vo, cloth. Second edition 8 00 

 Triple and Quadruple Expansion Engines and 
Boilers and their Management. With fifty-nine 
illustrations. Third edition, revised. 1 2m o, cloth.. 2 00 

Refrigerating Machinery : Its Principles and 

Management. With sixty-four illustrations. )2mo, 
cloth 2 00 

LECKY (S. T. S.). " Wrinkles " in Practical Naviga- 
tion. With 130 illustrations. 8vo, cloth. Ninth 
edition, revised *. 8 40 

USVY (C. L.). Electric Light Primer. A Simple and 
Comprehensive Digest of all of th* most important 
facts connected with the running of the dynamo, and 
electric lights, with precautions for safety. For the 
use of persons whose duty it is to look after the 
plant. Svo, paper 60 
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IIYACHE (ACH., Ingmieur Civil Des Mines). 

The Manufacture of Varnishes, Oil Crushing, Refin- 
ing and Boiling and Kindred Industries. Translated 
from the French and greatly extended, by John 
Geddes Mcintosh. 8vo, cloth. Illustrated net 5 00 

LOCKE (ALFRED G., and CHARLES G.) A Prac- 
tical Treatise on the Manufacture of Sulphuric Acid. 
With 77 Constructive Plates drawn to cale Meas- 
urements, and other Illustrations. Royal 8 vo, cloth. 10 00 

LOCKERT (LOUIS). Petroleum Motor- Cars. 12mo, 
cloth 150 

LOCKWOOD (THOS. D.). Electricity, Magnetism, 
and Electro-Telegraphy. A Practical Guide for 
Students, Operators, and Inspectors. 8vo, cloth. 
Thirdedition 2 60 



Electrical Measurement and the Galvanometer ; 



its Construction and Ufc.es. Second edition. 82 illus- 
trations. 12u)0, cloth 150 

LODGE (OLIVER J.). Elementary Mechanics, 
including Hydrostatics and Pneumatics* Revised 
edition. 12mo, cloth ISO 

LORING (A. E.). A Hand-book of the Electro-Mag 

netic Telegraph. Paper boards 60 

VslOvQ* •••••••••• •• ••••••••••.■•••«..•• it) 

Morocco 100 

LUCE (Com. S. B.). Text-Book of Seamanship. The 
Equipping and Handling of Vessels under Sail or 
Steam. For the use .of the U. S. Naval Academy. 
Revised and enlarged edition, by Lt. Wm. S. Benson. 
8vo, cloth. 10 00 

LUNGE (GEO.). A Theoretical and Practical Treatise 
on the Manufacture of Sulphuric Acid and Alkali 
with the Collateral Branches. Vol. I. Sulphuric 
Acid, Second edition, revised and enlarged. 842 

illustrations. 8vo, cloth 15 00 

Vol. II. Second edition, revised and enlarged. 

8v», cloth 16 80 

Vol IU. 8vo, cloth. New edition, 1896 15 00 

LUNGE. (GEO.), pnd HURTER, F. The Alkali 
Maker's Pocket-Book. Tables and Analytical Meth- 
ods fer Manufacturers of Sulphuric Acid, Nitric 
Acid, Soda, Potash and Ammonia. Second edition. 
12mo, cloth , . 8 00 



1 
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LUQUER (LEA McILVAINE, P*. D.). Minerals 
in Rock Sections. The Practical Method of Identi- 
fy ins: Mineials in Rock Sections with the micro- 
scope. Especially a iTanged for students in Technical 
ana Scientific Schools. 8vo. cloth. Illustrated.. net 1 60 

M ACCORD (Prof. C. W.). A Practical Treatise on 
the Slide- Valve by Eccentrics, examining by methods 
the action of ihe Eccentric upon the Slide-Valve, 
and explaining the practical processes of laying out 
the movements adapting the Valve for its various 
duties in the Steam Engine. Second edition. Illus- 
trated. 4to, cloth 2 50 

MA6UIBE (Capt. EDWARD. V. S. A.). The 
Attack and Defence of Coast Fortifications. With 
Maps and Numerous Illustrations. 8vo, cloth 2 50 

MAGUIRE (WM. R.). Domestic Sanitary Drainage 
and Plumbing Lectures on Practical Sanitation. 332 
illustrations, bvo. 4 00 

MARKS (EDWARD C. R.). Mechanical Engineering 
Materials: their Properties and Treatment iu Con- 
struction. 12mo, cloth. Illustrated 60 

Notes on the Construction of Cranes and Lifting 



Machinery. 12mo, cloth 1 00 

MARKS (G. C). Hydraulic Machinery Employed in 
the Concentration and Transmission of Power. 
12mo, cloth 1 25 

MAYER (WM.). American Telegraphy: Systems, 
Apparatus, Operation. 450 illustrations. 8vo, cloth. 3 50 

MAYER (Prof. A. M.). Lecture Notes on Physics. 
8vo, cloth 2 00 

McCULLOCH (Prof. R. S.). Elementary Treatise 
on the Mechanical Theory of Heat, and its applica- 
tion to Air and Steam Engines. 8vo, cloth 8 50 

McNEILL (BEDFORD). McNeill's Code. Arranged 
to meet the requirements of Mining, Metallurgical 
and Civil Engineers, Directors of Mining, Smelt- 
ing and other Companies, Bankers, Sr.oc < and Share 
Brokers. Solicitors, Accountants, Financiers, and 
Gei.er .1 Merchants. Safety and Secrecy. 8 >o, cloth. 6 00 



SCIENTIFIC PUBLICATIONS. 23 

MERRILL. (Col. WM. E., U. S. A.). Iron Truss 
Bridges for Railroads The method of calcul ting 
strain* in Trusses, with a careful comparison of the 
mo t pr mineut Trusses, in reference t • economy in 
combi ation, »tc. Illustrated. 4to, cloth. Fourth • 
Editi n 600 

METAL TURNTNG. By a Foreman Pattern Maker. 

Illustrated » uh 81  ngravi gs. 12mo, cloth 1 60 

MINIFIE (WM.). Mechanical D awing. A Text- 
bo k f Geometrical Draw ng for the uue of Mechanics 
and Schools, in which he Definitions and Rules of 
Geo <^ try » re f ami iarly explained; the Practical 
Problems are arranged from the most simple to the 
more complex, and in i heir description technicalities 
are avoid d as mu h as possible. With illustrations 
for Draw ng PI <ns Sec ions, and Elevations of Rail- 
ways an 4 Machinery; an Introduction to Isometric >1 
Drawi'«er, a dan Essay on Linea* Perspective aid 
Shadows Illustrated wit • over 200 diagram* 
engraved on steel. Ninth rr ousnnd. With a appen- 
dix on the Theory aud Ar plication of Colors. 8vo, 
clota 400 

Geometrical Drawing. Abridged from the Octavo 

edition, for the us • of schools. Illus rate J with 48 
steel plates. Ninth edition. 12mo, cloth 2 00 

MODERN METEOROLOGY. A Series of Six 
Lectu es, d live red under the aus ices of the Meteor- 
ological Society in 1870. Illustrated. 12mo, cloth . 1 60 

MOREING (C. A.), and NEAL (THOMAS). Tele- 
graphic Mi' dug Co e Alpha etically arranged. 
Second edition. 8vo, cloth 8 40 

MORRIS (E.). Easy Rules for the Measurement of 
Earthworks by means « f the Prisn oidal Formula. 
8vo, cloth. Illustrated 160 

MOSES (ALFRED J.), and PARSONS, C. L. Ele- 
ments of Minera ogy. Crystallography and Blowpipe 
Analysis from a practical standpoint. Second 
thousand. 8vo, cloth. Stttj illustrations net 2 00 

MOSES (ALFRED J.). The Characters of Crystals. 
An Introduction to Physical Crystallography, co - 
taining 321 Illustrations and Diagrams. 8vo, 211 
pp net 2 00 
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MOELLER (F. C. G.). Krupp's Steel Works. With 
88 illustrations. By Felix Schmidt and Montan. 
Authorized Translation from the Qe man. 4to, 
cloth (Jn Press.) 

MULLIN (JOSEPH P., M. E.). Modern Moulding 
and Pattern Making. A Practical Treatise upon 
Pattern Shop and Foundry Work; em racing the 
Moulding of Pulleys. Spur Geirs, Worm Gears, Bal- 
ance- Wheels, Stationary Engine and Locomotive 
Cylind- rs. Globe Valves. Tool Work, Mining Machin- 
ery, Screw Propell-rs Pattern- Shop Machinery, and 
the latest improvements in English and American 
Cupolas; together with a large collection of original 
and careful y selected Rules and Tables for every- 
day use in the Drawing Office, Pat: era-Shop and 
Foundry. lVmo, cloth. Illustrated 2 50 

MUNRO (JOHN C. E.), and JAMIESON 

ANDREW C. E. A Pocket-book of Electrical 
Rules and Tables for the use of Electriciaus and 
Engineers. Thirteenth edition, revised and enlarged. 
With numerous oiagrams. Pocket size. Leather.. 2 50 

MURPHY (J. G., M. E.). Practical Mining. A 
Field Manual for Mining Engineers. With Hints for 
Investors in Mining Properties. lOmo, morocco 
tucks 100 

NAQUET (A.)* Legal Chemistry. A Guide to the 
Detection of Poisons, Falsification of Writings. 
Adulteration of Alimentary and Pharmaceutical 
Substances, Analysis of Ashes, and examination of 
Hair, Coins, Arms, and Stains, as applied to Chemi- 
cal Jurisprudence. Translated from the French, 
by J. P. Battershall, Ph D , with a preface by C. F. 
Chandler, Ph. D., M. D., LL. D. l~'mo, cloth 2 00 

NASMITH (JOSEPH). The Student's Cotton Spin- 
ning. Third edition, r» vised and enlarged. 8vo, 
cloth. 622 pages. 250 Illustrations 3 00 

NEWALL (JOHN W.). Plain Practical Directions 
for Drawing, S zing and Cutting Bevel- Gears, show- 
ing how the Teeth may be cut in a Plain Milling 
Machine or Gear Cutter so as to give them a correct 
shape from end to end; and showing how to get out 
all particulars for the Workshop without making 
any Drawings. Including a Full Set of Tables of 
Reference. Folding plates, bvo, c:o h 150 



•scifivrrFio iusucations. 2$ 

NEWCOMB (EDWARD W.). Stepping Stones to 
Photography. 12wo, cloth. Illustrated. N.Y 1890. 

(Iu Press.) 

NEWLANDS (JAMES). The Carpenters' and Join- 
ers' Assistant: being a Comprehensive Treatise on 
the Selectio «, Preparation aud Strength of Mate- 
rials, and the Mechanical Principles of Framing. 
Illustrated. Folio, half morocco 15 00 

NIPHER (FRANCIS E., A. M.). Theory of Mag- 
netic Measurements, with an appendix on the 
Method of Least Squares. 12mo, cloth 1 00 

NO AD (HENRY M.). The Students' Text-Book of 
Electricity. A new edition, carefully revised. With 
an Introduction and additional chapters by W. H. 
Preece. Witii 47 1 illustrations. 12mo, cloth 4 00 

NUGENT (E.). Treatise on Optics; or, Light and Sight 
theoretically and practically treated, with the ^pli- 
cation to Fine Art and Industrial Pursuits. With 
JXi illustrations. 12mo, cloth. 1 50 

O'CONNOR (HENRY). The Gas Engineer's Pocket- 
Book. Comprising Tables, Notes and Memoranda; 
relating to the Manufacture, Distribut on at d Use 
of Coal Gas And the Construction of Gas Works. 
12mo, full leather, gilt edges 3 50 

OUDIN (M. A.)* Standard Polyphase Apparatus and 
Systems. Fully illustrated 3 00 

PAGE (DAVID). The Earth's Crust, A Handy Out- 
line of Geology, ltfmo, cloth 75 

PAXAZ (A., ScD.). A Treatise on Industrial Pho- 
tometry, with special application to Electric Light- 
ing. Authorized trans! «tion from the French, by 
George W. Patterson, Jr. Second edition, revised. 
8vo, cloth. Illustrated 4 00 

PARSHAIX (H. F.), and HOBART H. M. 

Armature Windings of Electric Machines. With 140 
full page plates, 65 tables, a.jd 165 pages of descrip- 
tive letter-press. 4to, cloth 7 50 

PARSHAIX <H. F.), and EVAN PARRY. 

Electrical Equipment of Tramways (In Press.) 

PEIRCE (B.). System of Analytic Mechanics. 4to, 
cloth 10 00 

Linear Associative Algebra. New edition, with 
addenda and notes, by C. L. Pierce. 4to, cloth 4 00 



26 D. VAN NOSTRAND COMPANY'S 



PERBINE (F. A. C, A. M., D. Sc). Conductors 
for Electrical Distribution; their Manufacture and 
Materials, the Calculation of Circuits, Pole Line 
Construction, Underground Working and other Uses. 

(In Press.) 

PERRY (JOHN). Applied Mechanics. A Treatise 
for the use of students who have time to work 
experimental, numerical and graphical exercises 
illustrating the subject. 8vo, cloth. 650 pages., net 2 60 

PHILLIPS (JOSHUA). Engineering Chemistry. A 
Practical Treatise for the use of Analytical Chem 
ists. Engineers, Iron Masters, Iron Founder**, 
students and others. Comprising methods of Analy 
sis and Valuation of the principal materials used in 
Engineering works, with numerous Analyses, Exam 
pies and Suggestions. 314 illustrations. Second 
edition, revised and enlarged. 8vo, cloth 4 00 

PICKWORTH tCHAS. N.). The Indicator Hand, 
book. A Practical Manual for Engineers. Part I. 
The Indicator: Its Construction and Application. 81 
illustrations. 12mo, cloth 150 



The Slide Rule. A Practical Manual of Instruc- 



tion for all Users of the Modern Type of Slide Rulo, 
exhibiting the Application of the Instrument to the 
Everyday Work of the Engineer,— Civil, Mechanical 
and Electrical. 12mo, flexible cloth. Fifth edition. 80 

PLANE TABLE (THE). Its Uses in Topographical 
Surveying. From the Papei s of the United states 
Coast Survey. Illustrated. 8vo, cloth 2 00 

PLANTS (GASTON). The Storage of Electrical 
Energy, and Researches in the Effects created by 
Currents, combining Quantity with High Tension. 
Translated from the French by Paul B. Elwell. 89 
illustrations. 8vo 4 00 

PLATTNER. Manual of Qualitative and Quantitative 
Analysis with the Blow Pipe. From the last German 
. edition, revised t»nd enlarged, by Prof. Th, Richter. 
of the Royal Saxon Mining Academy. Translated 
by Prof. H. B. Cornwall, assisted by John H. Cas- 
well. Illustrated with 87 woodcuts and one litho- 
graphic plate. Seventh edition, revised. 600 pages. 
8vo, cloth 5 00 
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PLIMPTON (Prof. GFO. W.). The Blow Pipe. A 
Guide to its use in the Determination of Salts and 
Minerals. Compiled from various sources. 12mo, 
cloth 160 

The Aneroid Barometer: its Construction and 
Use. Compiled from several sources. Fourth 

edition. 16mo, boards. Illustrated 60 

Morocco 100 

POCKET LOGARITHMS, to Four Places of Deci- 
mals, including Logarithms of Numbers, and Loga- 
rithmic Sines and Tangents to Single Minutes. To 
which is added a Table of Natural Sines, Tangents, 
and Co-Tangenis. 16mo, boards 50 

POPE (F. L.). Modern Practice of the Electric Tele- 
graph. A Technical Hand-book for Electricians, 
Managers and Operators. Fifteenth edition, rewrit- 
ten and enlarged, and fully illustrated. 8vo, cloth. 1 50 

POPPLEWELL (W. C). Elementary Treatise on 
Heat and Heat Engines. Specially adapted for 
engineers and students of engineering. l£mo, cloth. 
Illustrated 3 00 

POWLES (H. H.). Steam Boilers (In Press.) 

PRAY (Jr., THOMAS). Twenty Years with the 
Indicator; being a Practical Text-Book for the 
Engineer or the Student, with no complex Formulae. 
Illustrated. 8vo, cloth 2 50 

<^— Steam Tables and Engine Constant. Compiled 
from Regnault, Rankineand Dixon directly, making 
use of the exact records. 8vo, cloth 2 00 

PRACTICAL IRON FOUNDING. By the Author 
of "Pattern Making, 11 &c , &c. Illustrated with 
over one hundred engravings. 12mo, cloth 150 

PREECE ( W. H.). Electric Lamps (In Press.) 

PREECE (W. H.), and STUBBS, A. T. Manual 
of Telephony. Illustrations and plates. 12mo, cloth. 4 50 

PREMIER CODE. (See Hawk, Wm. H.) 

PRESCOTT (Prof. A. B.). Organic Analysis. A 
Manual of the Descriptive and .iiiulytical Chemistry 
of certain Carbon Compounds in Common Use: a 
Guide in the Qualitative and Quantitative Analysis 
of Organic Materials in Commercial and i'harma- 
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- 

ceutical Assays, in the estimation of Impurities 
under Authorized Standards, and in Forensic Exam- 
inations for Poisons, with Directions for Element ary 
Organic Analysis. Fourth edition. 8vo, cloth 6 00 

PBESCOTT (Prof. A. B.). Outlines of Proximate 
Organic Analysis, for the Identification, Separation, 
and Quantitative Determination of the more com- 
monly occurring Organic Compounds. Fourth edi- 
tion, lgmo, cloth 1 75 



First Book in Qualitative Chemistry. Eighth 



edition. 12nio, cloth 160 



and Otis Coe Johnson. Qualitative Chemcal 



Analysis. A Guide in the Practical Study of Chem- 
istry and in the work of Analysis. Fourth fully 
revised edition. With Descriptive Chemistry 
extended throughout 3 60 

PRITCHARD (O. G.). The Manufacture of Electric 
Light Carbons. Illustrated. 8vo, paper 60 

PULLEN (W. W. F.). Application of Graphic Meth- 
ods to the Design of Structures. Specially prepared 
for the use of Engineers. 12mo, cloth. Illustrated 

net 2 50 

PULSIFER (W. H.). Notes for a History of Lead. 

bvo, cloth, gilt tops .... .... 4 00 

PINCHON (Prof. T. R.). Introduction to Chemical 
Physics, designed for the use of Academies, Col- 
leges, and High Schools. Illustrated with numerous 
engravings, and containing copious experiments 
with directions for preparing them. New edition, 
revised and enlarged, and illustrated by 269 illustra- 
tions on wood. 8vo, cloth .8 00 

RADFORD (Lieut. CYRUS S.). Hand-book on 
Naval Gunnery. Prepared by Authority of the Navy 
Department. For the use of U. S. Navy, U. S. 
Marine Corps and U. S. Naval Reserves. Revised 
and enlarged, with the assistance of Stokely Morgan, 
Lieut. U. S. N Third edition. 12mo, flexible leather. 2 00 

RAFTER (GEO. W.). and M. N. BAKKR. Sew- 
age Disposal in the United States. Illustrations and 
folding plates. Second edition. 8vo, cloth 6 00 

RAM (GILBERT S.). The Incandescent Lamp and 
its Manufacture. 8vo, cloth 3 00 
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RANDALL (J. E.). A Practical Treatise on the 
Incandescent Lamp. Illustrated. 16mo, cloth 60 

RANDALL, (P. jr.). Quartz Operator's Hand-book. 
New edition revised and enlarged, fully illustrated. 
12mo, cloth 2 00 

BANKING (W. J. MACQUORN.) Applied Mechan- 
ics Comprising the Principles of Statics and Cine- 
matics, and Theory of Structures. Mechanism, and 
Machines. With numerous diagrams. Fifteenth 
edition. Thoroughly revised by W. J. Millar. 8vo, 
cloth 5 00 

Civil Engineering. Comprising Engineering Sur- 
veys. Earthwork, Foundations, Masonry, Carpentry, 
Metal Work, Roads, Railways, Canals Rivers, 
Water Works. Harbors, etc. With numerous tables 
and illustrations. Twentieth edition. Thoroughly 
revised by W. J. Millar. 8vo, cloth 6 60 

— Machinery and Millwork. Comprising the Geom- 
etry, Motions, Work, Strength, Construction, and 
Objects of Machines, etc. Illustrated with nearly 
800 wool cuts. Seventh edition. Thoroughly revised 
by W. J. Millar. 8vo, cloth 5 00 

The Steam Engine and other Prime Movers. 

With diagram of the Mechanical Properties of 
Steam-folding plates, numerous tables and illustra- 
ti »ns. Thirteenth edition. Thoroughly revised by 
W.J.Millar. 8vo, cloth 5 00 

Useful Rules and Tables for Engineers and 

Others. With appendix, tables, tests, and formulae 
for the u»e of Electrical Engimers. Comprising 
Submarine Electrical Engineering, Electric Lighting, 
aud Transmission of Power. By Andrew Jumioon, 
C. E., F. R S. E. Seventh edition. Thoroughly 
revised by W. J. Millar. Crown 8vo, cloth 4 00 

A Mechanical Text-Book. By Prof. Macquorn 

Rankine and E F. Bamber, C. E. With numerous 
illustrations Fourth edition 8vo, cloth 3 50 

BAPHA.FL (F. C). Localisation of Faults in Electric 
Light Mains. 8vo, cloth 2 00 

RECKENZAUN (A.). Electric Traction on Railways 
and Tramways. 2J8 illustrations. 12mo, cloth 4 00 
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REED'S ENGINEERS' HAND-BOOK to the 

Local Marine Board Examinations for Certificates 
of Competency as First and Second Cass Engineers. 
By W. H. Thorn. With the answers to the Elemen- 
tary Questions. Illustrated by 2.>7 diagrams and 36 
large plates. Sixteenth edition, revised and 
enlarged, bvo, cloth 5 00 

Key to the Sixteenth Edition of Reed's 

Engineer's Hand-book to the Board of Trade Exami- 
nations for First and Second Class Engineers and 
containing the working of all the questions given in 
the examination papers By W. H Thorn. 8vo, 
cloth 3 00 

Useful Hints to Sea going Engineers, and How to 

Repair and Avoid " Break Downs; " also Appendices 
Containing Boiler Explosions, Useful Formulas, 
etc. With 36 diagrams and 4 plates. Second edition, 
revised and enlarged. 12mo, cloth — 1 40 

Marine Boilers: A Treatise on the Causes and 



Prevention of their Priming, with Remarks on their 
General Management. Illustrated. 12mo, cloth ... 2 00 

REINHARDT (CHAS. W.). Lettering for Drafts- 
men, Engineers and Students. A Practical System 
of Free-hand Lettering for Working Drawings. 
Fourth thousand. Oblong, boards 1 00 

RICE (J. M.)., and JOHNSON, W. W. On a 

New Method of obtaining the Differential of Func- 
tions, with especial reference to the Newtonian 
Conception of Rates or Velocities. 12mo, paper — 50 

RINGWALT (J. L.). Development of Transporta- 
tion Systems in the United States, Comprising a 
Comprehensive Description of the leading features 
of advancement from the colonial era to the present 
time. With illustrations. Quarto, half morocco.. 7 50 

RIPPER (WILLIAM). A Course of Instruction in 
Machine Drawing and Design for Technical Schools 
and Engineer Students. With 52 plates and numer- 
ous explanatory engravings. Folio, cloth 6 00 

ROEBLING (J. A.). Long and Short Span Railway 
• Bridges. Illustrated with large copperplate 
engravings of plans and views. Imperial folio, 
cloth 25 00 
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ROGERS (Prof. H. D.). The Geology of Pennsyl- 
vania. A Government Survey, with a General View 
of the Geology of the United States, essays on the 
Coal Formation and its Fossils, and a description of 
the Coal Fields of North America and Great 
Britain. Illustrated with plates and engravings in 
the text. 3 vols., 4to, cloth, with portfolio of maps. 15 00 

ROSE (JOSHUA, M. E.). The Pattern Makers* 
Assistant. Embracing Lathe Work, Branch Work, 
Core Work, Sweep Work, and Practical Gear Con- 
structions, the Preparation and Use of Tools, 
together with a large collection of useful and valu- 
able Tables. Eighteenth edition. Illustrated with 
250 engravings. 8vo, cloth 2 50 



Key to Engines and Engine-running. A Practical 



Treatise upon the Management of Steam Engines 
and Boilers for the Use of Those who Desire to Pass 
an Examination to Take Charge of an Engine or 
Boiler. With numerous illustrations, and Instruc- 
tions Upon Engineers' Calculations, Indicators, 
Diagrams, Engine Adjustments, and other Valuable 
Information necessary for Engineers and Firemen. 
12mo, cloth . 2 50 

SABINE (ROBERT). History and Progress of the 
Electric Telegraph. With descriptions of some of 
the apparatus. Second edition, with additions. 
12mo, cloth 1 25 

SAELTZER (ALEX.). Treatise on Acoustics in con- 
nection with Ventilation. l2mo, cloth 1 00 

SALOMONS (Sir DAVID, TVS. A.). Electric Light 
Installations. A Practical Hand-book. Eighth 
edition, revised and enlarged, with numerous illus- 
trations. Vol. I. The management of Accumula 

tors. 12mo, cloth 150 

Vol. II., Apparatus, 296 illustrations. 12mo, cloth 2 25 
Vol. HI., Applications. 12mo, cloth 1 50 

SANFORD (P. GERALD). Nitro-Explosives. A 
Practical Treatise concerning the Properties, Manu- 
facture and Analysis of Nitrated Substances, includ- 
ing the Fulminates, Smokeless Powders and Cellu- 
loid. 8vo, cloth, 270 pages 8 00 

SAUNNIER (CLAUDIUS). Watchmaker's Hand- 
book. A Workshop Companion for those engaged 
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in Watchmaking and allied Mechanical Arts. Trans 
lated by J. Tripplin and E Rigs: Second edition, 
revised with appendix. 12mo, cloth 8 50 

SCH ELLEN (Dr. H.)» Magneto-Electric and Dynamo- 
Electric Machines: their Construction and Practical 
Application to Electric Lighting, and the Transmis- 
sion of Power. Transla'edfrom the third German 
edi ion, by N. S. Keith and Percy Neymann. Ph. D 
With very large additions and notes relating to 
American Machines, by N. 8. Keith. Vol 1., with 858 
il.ustrations. Second edition . . 5 00 

SCHUMANN (F.). A Manual of Heating and Venti- 
lation in its Practical Application, for the use of 
Engineer.* and Architects. Embracing a series of 
Tables and Formulae for dimensions of heating, flow 
»nd return pipes for steam and hot water boilers, 
flues, etc. 12ino, illustrated, full roan 1 50 

SCRIBNKR (J. M.). Engineers 1 and Mechanics' 
Companion. Comprising United States Weights and 
Measures. Mensuration of Superflces and Solids, 
Tables of Squares and Cubes, Square and Cube Roots, 
Circumference and Areas of C ircles, the Mechanical 
Powers. Centres of Gravity, Gravitation of Bodies, 
Pendulums, Specific Gravity of Bodies, Strvngth, 
Weight, ii nd Crush of Ma'erials, Water-Wheels, 
Hyd ostatics, Hydraulics, Statics, Centres of Per- 
cussion and Gyration, Friction Heat, Tables of the 
Weight of Metals, Scantling, etc., Steam and the 
fcteani Engine. Twentieth edition revised. 16mo, 
full morocco 1 50 

BEATON (A. E.). A Manual of Marine Engineering. 
Comprising the Designing, ( onstruction and Work- 
ing of Marine Machinery. With numerous tables 
j.nd illustrations reduced from Working Drawings. 
Fourteenth edition. Revised throughout, with an 
additional chapter on Wa er Tube Boileis. 8vo., 
cloth ..6 00 

. and ROUNTHWAITE ( W. M.). A Pocket- 
book of Marine Engineering Rules and Tables. For 
the use of Marine Engineers and Naval Architects. 
Designers, Draughtsmen, Superintendents, and all 
engaged in the design and construction of Marine 
Machinery, Naval and Mercantile. Fifth edition, 
revised and enlarged. Pocket size. Leather, with 
diagrams. Reprinting. 
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SEXTON (A. HUMBOLDT). Fuel and Refractory 
Materials. 8vo, cloth 2 00 

SHIELDS (J. E.). Notes on Engineering Construc- 
tion Embracing Discussions of the Principles 
involved, and Descriptions of the Material employed 
in Tunnelling, Bridging, Canal and Road Building, 
etc. 12mo, cloth 150 

SHOCK (WM. H.). Steam Boilers: Their Design, 
Construction and Management. 4to, half morocco. 15 00 

SHREVE (S. H.). A Treatise on the Strength of 
Bridges and Roofs. Comprising the determination 
of Algebraic formulas for strains in Horizontal, 
Inclined or Rafter, Triangular, Bowstring, Lenticu- 
lar, and other Trusses, from flx^d and moving loads, 
with practical applications Hnd examples, for the 
use of Students and Engineers. 87 woodcut illus. 
Fourth edition. 8vo, cloth 3 50 

SHUNK (W. F.). The Field Engineer. A Handy 
Book of practice in the Survey, Location, and Truck- 
work of Railroads, containing a larg" collection of 
Rules and Tables, original and selected, applicable 
to both th^ Standard and Narrow Gauge, and pre- 
pared with special reference to the wants of the 
young Engineer. Eleventh edition, revised and 
enlarged. J 2m o, morocco, tucks 2 50 

SIM>IS (F. W.). A Treatise on the Principles and 
Practice of Levelling. Showing its application to 
purposes of Railway Engineering, and the Con- 
struction of Roads, etc Revised and corrected, 
with the addition of Mr. Laws' Practi nl Examples 
for setting cut Railway Curves. Illustrated. 8vo, 
cloth 2 50 

• IMMS (W. F.). Practical Tunnelling. Fourth edition, 
revised and greatly extended. With additional 
chapters illustrating recent pmctice by D. Kinnear 
Clark. With 36 pates and other illustrations. Im- 
perial 8vo, cloth 12 00 

SLATER (J. W.). Sewage Treatment, Purification, 
and Utilization. A Practical Manual for the U-e of 
Corporations, Local Boards, Medical Officers of 
Health, Inspectors of Nuisances, Chemists, Manu- 
facturer*, Riparian Owners, Engineers, and Rate- 
payers. 12mo, cloth 2 25 
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SMITH (ISAAC W., C. E.). The Theory of Deflec- 
tions and of Latitudes and Departures. With special 
applic «tions to Curvilinear Surveys, for Alignments 
of Railway Tracks. Illustrated. 16mo, morocco, 
tucks : ... ., 8 00 

SNKLL(ALBIONT.). Electric Motive Power: The 
Transmission and Distribution of Electric Power by 
Continuous and Alternate Currents With a Section 
on the Applications of Electricity to Mining Work. 
Second edition. 8vo, cloth, illustrated 4 00 

SPKYERS (CLARENCE L.). Text-Book of Physi- 
cal Chemistry. 6vo, cloth 2 25 

STA Hf, (A. W.), and A. T. WOODS. Elementary 
Mechanism. A Text-Book for Students of Mechanical 
Engineering. Fourth edition, enlarged. 12mo, 
cl th 2 00 

STALKY (CADY), and PIERSON, GEO. S. The 

Separate System of Sewerage: its Theory and Coh- 
f traction. Third edition, revised. 8vo, cloth. With 
maps, plates and illustrations 8 00 

STEVENSON (DAVID, F.R.S.N.). The Principles 
and Practice of Canal and River Engineering. Re- 
vised by his sons David Alan Stevenson, B. he, F. R. 
S.E., and Charles Alexander 8tevenson, B. Sc, F.R. 
S.E., Civil Engineer. Th rd edition, with 17 plates, 
Kvo, cloth : 10 00 

The Design and Construction of Harbors, A 

Treatise on Maritime Engineering. Third edition 
with 21 plates, 8vo, cloth 9 00 

STEW * RT (R. W.). A Text Book of Light, Adapted 
to the Requirements of the Intermediate Science 
and Preliminary Scientific Examinations of tl>e Uni- 
versity of London, and also for General Use, 
Numerous Diagrams and Examples. 12mo, cloth. . 1 00 

STEWART (R. W.). A Text Book of Heat, Illus- 
trated, 8vo, cloth 100 

A Text Book of Magnetism and Electricity, 160 

lllus. and Numerous Examples. 12mo, cloth 1 00 

STILES (AMOS). Tables for Field Engineers. De- 
signed for use in the field. T.bles containing all 
the functions of a one degree curve, from which a 
corresponding one can be found for any required 
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degree. Also, Tables of Natural Sines and Tangents. 
12mo, morocco, tucks 2 00 

STILLMAN (PAUL). Steam Engine Indicator and 
the Improved Manometer Steam and Vacuum 
Gauges; their Utility and Application. New edition. 
12mo, flexible cloth 100 

STONE (General ROT). New Roads and Road Laws 
in the United States. 200 pages, with numerous 
illustrations. 12mo, cloth 100 

STUART (C. B. t U. P. N.). Lives and Works of Civil* 
and Military Engineers of America. With 10 steel- 
plate engravings. 8vo, cloth . 5 00 

• The Nava 1 Dry Docks of the United States. Dlus- 

trated with 24 fine Engravings on Steel. Fourth 
. edition. 4to, cloth... 6 00 

SWINTON (ALAN A. CAMPBELL). The Elemen- 
tary Principle of Electric Lighting. Illustrated. 
12mo, cloth 60 

TEMPLETON (WH.), The Practical Mechanic's 
Work-shop Companion. Comprising a great variety 
of the most useful rules and formulas in Mechanical 
Science, with numerous tables of practical data and 
calculated results facilitating mechanical opera- 
tions. Revised and enlarged by W. S. Hutton. 
12mo, morocco ..200 

THOM (CHAS.), and WILLIS H. JONES. Tele- 
graphic Connections: embracing Recent Methods in 
Quadruple x Telegraphy. Oblong, 8vo, cloth. 20 full 
page plates, some colored 1 50 

THOMPSON (EDWARD P., M. E.). How to 
M»ke Inventions; or Inventing as a Science and an 
Art. A Practical Guide for Inventors. Second 
edition. 8vo, boards 1 00 

— Roentgen Rays and Phenomena of the Arode and 

Cathode Principles, Applications and Theories. 
For Students, Teachers, Physicians, Photographers, 
Electricians and others. Assisted by Louis M. 
Pignolet, N. D. C. Hodges, and Ludwig Gutmann, E. 
E. With a Chapter on Generalizations, Arguments, 
Theories, Kindred Radiations and Phenomena. By 
Professor Wm. Anthony. 8vo, cloth. 50 Diagrams, 
40 H alf tones. . . 1 50 



